""^^^Ali^^m re application of: 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Examiner: Saoud, Christine J. 

Art Unit: 1647 



Avi ASHKENAZI,e/a/. 

Application Serial No. 09/904,01 1 

Filed: July 11,2001 

For: SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING SAME 



Confirmation No: 1120 

Attorney's Docket No. 39780-1618 P2C8 

Customer No. 35489 



EXPRESS MAIL LABEL NO.: EL 976 548 998 US 
DATE MAILED: AUGUST 17, 2005 

ON APPEAL TO THE BOARD OF PATENT APPEALS AND INTERFERENCES 

APPELLANTS' BRIEF 

MAIL STOP APPEAL BRIEF - PATENTS 

Commissioner for Patents - 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sir: 

On November 24, 2004, the Examiner made a final rejection to pending Claims 39-43. A 
Notice of Appeal was filed on February 24, 2005. 

Appellants hereby appeal to the Board of Patent Appeals and Interferences from the last 
decision of the Examiner. A request for a 4 month extension of time is filed concurrently 
herewith. 

The following constitutes Appellants' Brief on Appeal. 

08/28/S005 HAHHEDl 0000005S 081641 09904011 
02 FC:140E 500.00 Dfl 



-1- 

Appeal Brief 
Application Serial No. 09/904,011 
Attorney's Docket No. 39780-1618 P2C8 



BEST AVAILABLE COPY 



1. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, Cahfomia, by an 
assignment of the patent apphcation U.S. Serial No. 09/665,350 recorded July 9, 2001, at Reel 
011964 and Frame 0181. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to antibodies that bind a 
polypeptide referred to herein as "PR0217". There exist two related patent applications, (1) U.S. 
Serial No. 09/904,485, filed July 16, 2001 (containing claims directed to the PR0217 
polypeptides), and (2) U.S. Serial No. 09/906,742, filed July 16, 2001 (containing claims directed 
to polynucleotides encoding the PR0217 polypeptides). Both applications are also under final 
rejection fi-om the same Examiner and based upon the same outstanding rejection, and appeal of 
these final rejections is being pursued independently and concurrently herewith. 

3. STATUS OF CLAIMS 

Claims 39-43 are in this application. 
Claims 1-38 and 44 are canceled. 

Claims 39-43 stand rejected and Appellants appeal the rejection of these claims. 
A copy of the rejected claims involved in the present Appeal is provided in the Claims 
Appendix. 

4. STATUS OF AMENDMENTS 

There were no amendments submitted after final rejection. All previous amendments 
have been entered. 

5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application concerns an isolated antibody that binds 
to the polypeptide of SEQ ID NO:4 (Claim 39). The invention fiirther provides monoclonal 
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antibodies (Claim 40), humanized antibodies (Claim 41), antibody fragments (Claim 42), and 
labeled antibodies (Claim 43) that bind to the polypeptide of SEQ ID N0:4. 

Support for the preparation and uses of antibodies is found throughout the specification, 
including, for example, pages 139-144. The preparation of antibodies is described in Example 
57, while Example 59 describes the use of the antibodies for purifying the polypeptides to which 
they bind. Isolated antibodies are defined in the specification at page 76, line 38, to page 77, line 
8. Support for monoclonal antibodies is found in the specification at, for example, page 139, line 
16, to page 140, line 13, and Example 57. Support for humanized antibodies is found in the 
specification at, for example, page 141, line 15, to page 142, line 16. Support for antibody 
fi-agments is found in the specification at, for example, page 75, line 38, to page 76, line 31, and 
page 143, lines 8-36. Support for labeled antibodies is foimd in the specification at, for example, 
page 77, lines 9-12, and page 146, line 37, to page 147, line 6. 

The polypeptide of SEQ ID N0:4 is designated PR0217, and its amino acid sequence is 
shown in Figure 4, while the encoding nucleic acid sequence (SEQ ID NO: 3) is shown in Figure 
3. PRO 175 5 is described as having homology to epidermal growth factor (EGF)-like proteins 
(see, for example, page 99, lines 17-29). The isolation of cDNA clones encoding PR0217 of 
SEQ ID N0:4 is described in Example 2. Examples 53-56 describe the expression of PRO 
polypeptides in various host cells, including E. coli, mammalian cells, yeast and Baculovirus- 
infected insect cells. Example 74 shows that PR0217 tested positive in the mixed lymphocyte 
reaction (MLR) assay, demonstrating that PR0217 is active as a stimulator of the proliferation of 
stimulated T-lymphocytes, and therefore would have utility in the treatment of conditions where 
the enhancement of an immune response would be beneficial. In addition, Example 69 shows 
the ability of PR0217 to induce endotheUal cell apoptosis, using HUVECs as a model system, 
while Example 77 shows that PR0217 tested positive in the skin vascular permeability assay. 

The specification discloses that antibodies to PRO polypeptides may be used, for 
example, in purification of PRO (page 147, lines 7-13, and Example 59), in diagnostic assays for 
PRO expression (page 122, lines 3-9, and page 146, hne 33, to page 147, line 6), as antagonists 
to PRO (page 130, lines 3-6), and as elements of pharmaceutical compositions for the treatment 
of various disorders (page 145, line 32, to page 146, line 30). 
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6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

L Whether the data generated in the MLR assay (Example 74) satisfies the utihty requirement 
of 35 U.S.C. §101 such that claims 39-43 should be accorded the priority of U.S. 
provisional appHcation Serial No. 60/100,858 filed on September 17, 1998. 

n. Whether Claims 39-43 are patentable under 35 U.S.C. §102 over Hsieh et al (Nature 
398:431-436 (1999)) and Brewer et al (WO 98/54963, pubhshed December 10, 1998). 

7. ARGUMENT 
Summary of the Arguments: 

Issue I: Utility 

Although the Examiner has granted utility for the claimed antibodies based upon the 
activity of the target PR0217 polypeptide in inhibiting VEGF stimulated proliferation of adrenal 
cortical capillary endothelial cells, Appellants submit that data derived from the mixed leukocyte 
reaction (MLR) assay, first disclosed in U. S. Application Serial No. 60/100,858 filed September 
17, 1998, is also sufficient to establish a patentable utility for the PR0217 polypeptide and the 
claimed antibodies that bind it. Appellants rely upon this utility in order to provide an effective 
filing date of September 17, 1998. 

The MLR is a well-established assay for evaluating test compounds for their ability to 
stimulate T-lymphocyte proliferation in vitro. The MLR assay has been used to identify 
immunomodulatory compounds, such as tepoxalin or tautomycetin, which have been shown to 
have real world utility in the suppression of graft rejection. The specification explains that 
compounds which stimulate proUferation of lymphocytes in this assay, such as PR0217, "are 
useful therapeutically where enhancement of an immune response is beneficial." Stimulators of 
T-cell proliferation find utility in fighting viral infections, including retroviral infections, such as 
HIV infection or Epstein-Barr infection, as well as in the treatment of cancers such as melanoma. 

Appellants have also submitted, with their Preliminary Amendment filed September 2, 
2004, the Declaration of Dr. Sherman Fong. Dr. Fong provides examples of important clinical 
applications for immune stimulants which have been shovra to stimulate T-cell proliferation in 
the MLR assay, such as the chemokine IL-12, used in the treatment of melanoma. Dr. Fong 
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concludes that "a PRO polypeptide shown to stimulate T-cell proliferation in the MLR assay of 
the present invention with an activity at least 180% of the control, as specified in the present 
appHcation, is expected to have the type of activity as that exhibited by IL-12, and would 
therefore find practical utility as an immune stimulant." 

The Examiner has asserted that "the results of the MLC (a.k.a. MLR) assay do not 
support a specific and substantial utility for the claimed invention because the assay is not 
predictive of immune response in general, and one of ordinary skill in the art would not expect a 
stimulatory effect in the MLC assay to correlate to a general stimulatory effect on the immune 
system, absent evidence to the contrary." (Page 6 of the Office Action mailed November 24, 
2004). In support of the assertion that "the MLC assay, which is art recognized for determining 
histocompatibility, does not appear to be predictive of general immune response in vivo,'' the 
Examiner has cited references by Kahan et ai, Picotti et al. and Campo et al. 

Appellants submit that the Examiner applied an improper legal standard when making 
this rejection. The applicant does not have to prove that a correlation exists between a particular 
activity and an asserted therapeutic use of a compound as a matter of statistical certainty. The 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totaUty of the evidence under consideration. Thus, to overcome the 
presumption of truth that an assertion of utility by the applicant enjoys, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Only after the Examiner has made a proper prima facie showing of 
lack of utility, does the burden of rebuttal shift to the applicant. 

The Examiner has provided a detailed discussion of alleged inadequacies in the MLR 
protocol disclosed in the instant specification, including the supposed absence of essential 
controls. Appellants submit that the Examiner has misinterpreted the focus of the assay 
disclosed in the specification. The purpose of the assay is not to test the properties of the 
stimulator cells, as in a typical MLR assay, but to test the ability of a protein, such as PR0217, to 
augment the expected response of the T cells, thus demonstrating general immunostimulant 
activity . 
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Appellants further submit that the Examiner has not shown that a lack of correlation 
between results of the MLR assay in vitro and immunomodulatory activity in vivo is typical . Li 
fact, Picotti et aL and Campo et al. support Appellants* position that the in vitro MLR assay can 
and has been successfully used to identify compounds having immunomodulatory activity in 
vivo. 

The Examiner takes issue with Dr. Pong's statement that "[t]he MLR assay of the present 
application is designed to measure the ability of a test substance to 'drive' the dendritic cells to 
induce the proliferation of T-cells that are activated, or co-stimulated in the MLR, and thus 
identifies immune stimulants that can boost the immime system to respond to a particular antigen 
that may not have been immunologically active previously," asserting that this statement is not 
supported in the specification as filed. Appellants submit that one of skill in the art would have 
understood at the time of filing that (i) molecules which enhanced the proliferation of stimulated 
T-cells would increase the ability of dendritic cells to convert antigens to immunogens, and (ii) 
such stimulatory molecules would allow antigens that were not usually immunogenic, such as 
known melanoma or viral antigens, to become immunogenic. This conclusion would have been 
apparent to the skilled artisan based solely upon knowledge about dendritic cells and their role in 
antigen presentation that was widely known in the art at the time of filing. 

Accordingly, Appellants submit that the MLR assay suffices to provide patentable utility 
for the subject matter of the instant claims, which are therefore entitled to the September 17, 
1998, priority date of U.S. Provisional Application No. 60/100,858 in which the results of this 
assay were first disclosed. 

Issue II: Anticipation by Hsieh et aL and/or Brewer et aU WO 98/54963 

Claims 39-43 stand rejected under 35 U.S.C. §102(a) as being anticipated by Hsieh et al, 
(Nature 398:431-436, pubhshed April 1, 1999). Claims 39-43 fiirther stand rejected under 35 
U.S.C. §102(b) as being anticipated by Brewer et aL (WO 98/54963, pubhshed December 10, 
1998). 

The instant application claims priority to U.S. Provisional Application Serial No. 
60/100,858, filed on September 17, 1998, over six months before the pubhcation date of Hsieh et 
aL and over two months before the pubhcation date of Brewer et aL U.S. Provisional 
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Application Serial No. 60/100,858 first disclosed that the PR0217 polypeptide tested positive in 
the MLR assay. 

The instant application has not been granted the earlier priority date on the grounds that 
"a review of the instant application and this assay do not lead to a conclusion of utility based on 
this assay, and therefore, priority to the provisional appUcation is not afforded." (Page 3 of the 
Office Action mailed November 24, 2004). 

Appellants respectfully submit that as discussed above under Issue I, the presently 
claimed invention is supported by a specific, substantial and credible utility and, therefore, the 
present specification teaches one of ordinary skill in the art "how to use" the claimed invention 
without undue experimentation. Accordingly, the instant application is entitled to the effective 
filing date of September 17, 1998, and thus neither Hsieh et al. nor Brewer et aL is prior art. 

These arguments are all discussed in further detail below under the appropriate headings. 

ISSUE I: The Data Generated in the MLR Assay Provides UtUitv Under 35 U.S.C. S 101 for 
Claims 39-46 and 49-51 

Appellants have asserted that U.S. Application No. 60/100,858, filed September 17, 
1998, discloses stimulatory activity in the mixed leukocyte reaction (MLR) assay, and that the 
data generated in the MLR assay (shown in Example 74 of the instant specification) establish 
patentable utility for the PR0217 polypeptide and the claimed polynucleotides that encode it. 
The Examiner has asserted that although "the claimed invention has met the utility requirement 
based on its activity of inhibiting VEGF stimulated proliferation of adrenal cortical capillary 
endothelial cells ... the invention lacks utility based on the assertion that the claimed invention 
could be used therapeutically to enhance the immune response in an individual." (Page 3 of the 
Office Action mailed November 24, 2004). 

Appellants submit, for the reasons set forth below, that the MLR assay disclosed in 
Example 74 of the specification provides at least one credible, substantial and specific asserted 
utility for the PR0217 polypeptide and the claimed antibodies that bind it. 
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A. The Legal Standard for Utility 

According to 35 U.S.C. § 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title. (Emphasis 
added.) 

In interpreting the utihty requirement, in Brenner v. Manson the Supreme Court held that 
the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, i.e. a utility "where specific benefit exists in currently available form." The Court 
concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successfiil conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy."^ 

Later, in Nelson v. Bowie/ the C.C.P. A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may not 
establish a specific therapeutic use. The court held that "since it is crucial to provide researchers 
with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility."^ 

In Cross v. lizuka^ the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "/« vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 



' Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 
^ Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
^ Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

' Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P. A. 1980). 
^ Id. at 856, 206 U.S.P.Q. (BNA) at 883. 

^ Cross V. lizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 
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i.e. there is a reasonable correlation there between."^ The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 
practical utility." 

Furthermore, M.P.E.P. §2107.03 (HI) states that: 

"If reasonably correlated to the particular therapeutic or pharmacological utility, data 
generated using in vitro assays, or from testing in an animal model or a combination 
thereof almost invariably will be sufficient to establish therapeutic or pharmacological 
utility for a compound, composition or process." 

Thus, the legal standard recognizes that in vitro or animal model data is acceptable to 
establish utility as long as the data is "reasonably correlated" to the pharmacological utiUty 
described. 

The case law has also clearly established that applicants' statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face.^ The PTO has the initial 
burden to prove that applicants' claims of usefulness are not believable on their face.^^ In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope."^^ 

Comphance with 35 U.S.C. §101 is a question of fact.^^ The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration.^"^ Thus, to overcome the presumption of truth that 



' Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 
' Id. 

^ In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 
Ibid, 

In re Lunger, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

See also In reJolles, 628 F.2d 1322, 206 U.S.P.Q. 885 (C.CP.A. 1980); In re Irons, 340 F.2d 974, 144 
U.S.P.Q. 351 (I965yjn re Sichert, 566 F.2d 1154, 1159, 196 U.S.P.Q. 209,212-13 (C.C.P.A. 1977). 

Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835(1984). 

In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
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an assertion of utility by the applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totahty of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines'')^^, which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the UtiHty Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 
nucleic acid is usefiil as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utilit/' standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be carefiil not to interpret the phrase "immediate benefit to the public" 
or similar formulations used in certain court decisions to mean that products or services based on 
the claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility."^^ hideed, the Guidelines for Examination of Applications for 
Compliance With the Utility Requirement,^^ gives the following instruction to patent examiners: 
"If the applicant has asserted that the claimed invention is usefiil for any particular practical 
purpose . . . and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 



*^ 66 Fed. Reg. 1092 (2001). 
M.P.E.P. §2107.01. 
M.P.E.P. §2107 II (B)(1). 
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B. Proper Application of the Legal Standard 

Appellants submit that the mixed lymphocyte reaction (MLR) assay described in 
Example 74 is sufficient to establish patentable utility under 35 U.S.C. §101 for the PR0217 
polypeptide and the claimed antibodies that bind it. The positive result for PR0217 in the MLR 
assay, described in Example 74, at pages 208-209 of the specification, demonstrates that PR0217 
is active as a stimulator of the proliferation of stimulated T-lymphocytes. 

The MLR is a well-established assay for evaluating test compounds, such as the PR0217 
polypeptide, for their ability to stimulate T-lymphocyte proliferation in vitro, and consequently, 
for assessing the immune response of an individual. The MLR assay is well-described in 
standard textbooks, including, for example. Current Protocols in Immunology, unit 3.12; edited 
by J E Coligan, A M Kruisbeek, D H Marglies, E M Shevach, W Strober, National Institutes of 
Health, Published by John Wiley & Sons, Inc., which is referenced in Example 74, and the entire 
content of which is expressly incorporated by reference into the disclosure of the present 
application (see page 208, lines 33-35). In brief, in this method, an immune response results 
upon mixing T-cells from antigenically distinct individuals under cell culture conditions. An 
MLR reaction can be monitored quantitatively by, for example, following the incorporation of 
tritiated thymidine during DNA synthesis, or by observing blast formation, or by other methods 
well known in the art. 

According to the specification, positive increases over control in this assay are considered 
to be positive results, with increases of greater than or equal to 180% being preferred. However, 
any value greater than control indicates a stimulatory effect for the test protein. PR0217 (SEQ 
ID NO: 4) tested positive in this assay, using the described criteria. Example 74 further explains 
that compounds which stimulate proliferation of lymphocytes in this assay "are useful 
therapeutically where enhancement of an immune response is beneficial." Accordingly, PR0217 
has utility in the treatment of conditions where the stimulation of lymphocyte proliferation would 
be desirable. 

In support of this assertion. Appellants submit that the MLR assay has been extensively 
used and is the best in vitro model for screening immunosuppressive agents for use in the 
prevention of graft-versus-host disease and graft rejection. It is well known that the 
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transplantation of tissues or organs between individuals with MHC incompatibilities quickly 
activates the recipients immune system which then attempts to destroy the transplanted tissue or 
organ. Transplantation across minor histocompatibility loci generally induces a more indolent 
response. Physicians analyze the major and minor histocompatibiHty differences to predict the 
success of the graft and to adjust the aggressiveness of immunosuppressive therapy. 

Inhibitors of the MLR find utility in suppressing unwanted immune response, and thus 
suppress unwanted graft rejection. For example, the ability of tepoxalin, an immunomodulatory 
compound, to suppress graft- versus-host reaction, has been demonstrated using the MLR assay 
(Fung-Leung et al. Transplantation 60:362-8 (1995); submitted with the Response filed 
September 8, 2003). Other immunosupressants have also been routinely identified using the 
MLR assay. For example, the immunosuppressive efficacy of SNF4435 and D, produced by a 
strain of Streptomyces spectabilis, has been tested using the MLR assay. As recently as 2002, the 
immunosuppressive effect of tautomycetin (TMC) was assessed with mixed lymphocyte 
reactions, and confirmed in vivo using TMC-treated rats that received a heterotopic cardiac 
allograft (Shim et al., Proc. Natl Acad. Sci USA 99(16):10617-10622 (2002); made of record in 
the Response filed September 8, 2003). Based upon the MLR data, the authors were able to 
conclude with confidence that "TMC has the capacity to inhibit the intracellular signaling 
pathway leading to T cell activation and proUferation." (See page 10621, second column). 

Thus, the art as a whole clearly estabhshes that the mixed lymphocyte reaction (MLR) is 
a widely used in vitro assay for identifying immunomodulatory compounds . 

In fiirther support of utility based upon the MLR assay, Appellants have submitted (with 
their Preliminary Amendment filed September 2, 2004) the Declaration of Sherman Fong, Ph.D. 
Dr. Fong is an inventor of the above-identified patent application, and an experienced scientist 
familiar with the MLR assay, which was used by him and others under his supervision, to test the 
immune stimulatory or immime inhibitory activity of novel polypeptides discovered in 
Genentech's Secreted Protein Discovery Initiative project, including PR021 7. 

The Fong Declaration explains how the MLR reaction was performed in the instant 
application using peripheral blood mononuclear cells (PBMCs), which contain responder T-cells, 
and allogenic, pre-treated (irradiated) PBMCs, which predominantly contained dendritic cells. 
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Dr. Fong proceeds to explain (paragraph 7 of the Declaration) that dendritic cells are potent 

antigen-presenting cells that are able to "prime native T cells in vivo" Once activated by 

dendritic cells, the T-cells are capable of interacting with other antigen-presenting cells (B cells 

and macrophages) to produce additional immune responses from these cells. 

As Dr. Fong states, the MLR assay of the present application: 

is designed to measure the ability of a test substance to "drive" the dendritic cells 
to induce the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the immune system to 
respond to a particular antigen that may not have been immunologically active 
previously. (Paragraph 8 of the Fong Declaration.) 

As Dr. Fong emphasizes, immunostimulants are important and highly desirable in the 
treatment of cancer and in enhancing the effectiveness of previously identified treatments for 
cancer. Supportive evidence also comes from teachings in the art such as Steinman et al 
(submitted as Exhibit B with the Preliminary Amendment filed September 2, 2004) who state 
that "...medicine needs therapies that enhance immunity or resistance to infections and 
tumors" (page 1, column 1, line 7; emphasis added). 

In paragraph 9 of his Declaration, Dr. Fong provides examples of important clinical 
applications for immune stimulants which have been shown to stimulate T-cell proliferation in 
the MLR assay. As Dr. Fong explains, 

IL-12 is a known immune stimulant, which has been shown to stimulate T-cell 
proUferation in the MLR assay. IL-12 was first identified in just such an MLR 
[Gubler et al. PNAS 88 , 4143 (1991) (Exhibit C)]. In a recent cancer vaccine 
trial, researchers fi-om the University of Chicago and Genetics Institute 
(Cambridge, MA) have demonstrated the efficacy of the approach, relying on the 
immune stimulatory activity of IL-12, for the treatment of melanoma. [Peterson et 
al. Journal of Clinical Oncology 21 (12). 2342-48 (2003) (Exhibit D)] They 
extracted circulating white blood cells carrying one or more markers of melanoma 
cells, isolated the antigen, and returned them to the patients. Normally patients 
would not have an immune response to his or her own human antigens. The 
patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by 
dendritic cells. Due to the immune stimulatory effect of IL-12, the treatment 
provided superior results in comparison to earlier work, where patients' own 
dendritic cells were prepared from peripheral blood mononuclear cells (PBMCs), 
treated with antigens, then cultured in vitro and returned to the patient to stimulate 
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anti-cancer response. [Thumer et al. J. Exp. Med. 190 (1 1), 1669-78 (1999) 
(Exhibit E)], 



Dr. Fong concludes that (paragraph 10): 

It is my considered scientific opinion that a PRO polypeptide shown to stimulate 
T-cell proliferation in the MLR assay of the present invention with an activity at 
least 180% of the control, as specified in the present appUcation, is expected to 
have the type of activity as that exhibited by IL-12, and would therefore find 
practical utility as an immune stimulant." 

Accordingly, the positive results obtained in this assay clearly establish the 
immunostimulant utility for the polypeptides claimed in the present application, and the 
specification, in turn, enables one skilled in the art to use the compounds for the asserted 
purpose. 

The Examiner has asserted that "the specification fails to provide any data or evidence of 
the results of the assay, therefore, one of ordinary skill in the art cannot evaluate the conclusion." 
(Page 5 of the Office Action mailed November 24, 2004). Appellants respectfiiUy submit that 
the specification clearly discloses that PR0217 tested positive in the MLR assay. The Fong 
Declaration reinforces the teachings of the specification that a PRO polypeptide with an activity 
in the MLR assay of at least 1 80% of the control is expected to have the type of activity exhibited 
by EL- 12, and would therefore find practical utility as an immune stimulant. 

Appellants respectfiiUy submit that the Examiner seems to be applying a heightened 

utility standard in this instance, which is legally incorrect. The Examiner appears to ignore the 

teachings within an expert*s declaration without any basis, or without presenting anv evidence to 

the contrary . Appellants respectfiiUy draw the Board's attention to the Utility Examination 

Guidelines (Part HE, 66 Fed. Reg. 1098 (2001)) which state that: 

"Office personnel must accept an opinion from a qualified expert that is based 
upon relevant facts whose accuracy is not being questioned; it is improper to 
disregard the opinion solely because of a disagreement over the significance or 
meaning of the facts offered". 

Thus, barring evidence to the contrary. Appellants maintain that the positive result for 

PR0217 in the MLR assay is significant , and forms the basis for the utility claimed herein. 

The Examiner has further asserted that "the ability of a protein to stimulate lymphocyte 

proliferation in this assay does not support a specific and substantial utility for the claimed 
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invention. The ability to stimulate or inhibit lymphocyte proliferation in the MLR assay is an 
artificial in vitro system and does not provide for what specific conditions or for which specific 
diseases the claimed invention would predictably function. The assertion that the claimed 
invention could be useful for the treatment of conditions where the enhancement of the immune 
response would be beneficial ... is not specific since there are many such conditions, and it is not 
predictable of which conditions the claimed invention may function, if any." (Page 3 of the 
Office Action mailed May 10, 2004). 

Appellants submit that the teachings of the specification are properly evaluated through 
the eyes of one skilled in the pertinent art at the effective filing date of the present application. In 
1998 it was well known in the art, as it is today, that T-cells are highly important in the body's 
natural defense mechanisms for fighting infections. For example, viral infections, such as HIV 
infection, are well known to result in reduced T cell count. Indeed, the count of T-cell 
lymphocytes is a generally accepted measure of the extent and seriousness of HIV infection and 
resultant AIDS. Accordingly, stimulators of T-cell proliferation find utility in fighting viral 
infections, including retroviral infections, such as HIV infection or Epstein-Barr infection. 

It was also well known at the time of filing that T cells can recognize tumor antigens and 
kill tumors. See, for example. Thumer et al,, J. Exp. Med. 190:1669-1678 (1999) (submitted as 
Exhibit E with the Response filed October 1, 2004), which describes experimental procedures 
designed to treat melanoma by boosting the immune response. Accordingly, one of skill in the 
art at the time of filing would have expected immunostimulant molecules such as PR0217 to 
also have utiUty in the treatment of cancers such as melanoma. 

As discussed above, the legal standard is that in vitro results are acceptable to 
demonstrate utility. Further, the data derived from the MLR assay is "reasonably correlated" to 
the asserted pharmacological utility, because one of ordinary skill in the art would understand, 
based upon the discussion above, that molecules showing immunostimulant activity as measured 
in the MLR assay would be useful in the treatment of conditions where the stimulation of 
lymphocyte proUferation would be desirable, including viral infections such as HIV and Epstein- 
Barr, and cancers such as melanoma. Accordingly, a valid case for utility has been made and 
would be considered credible by a person of ordinary skill in the art. 
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C. A Drima facie case of lack of utility has not been established 

The Examiner has asserted that the data derived from the MLR assay is not correlated to 
pharmacological utility, because the MLR assay is allegedly not predictive of the general immune 
response. Li particular, the Examiner has asserted that "the results of the MLC (a.k.a. MLR) 
assay do not support a specific and substantial utility for the claimed invention because the assay 
is not predictive of immune response in general, and one of ordinary skill in the art would not 
expect a stimulatory effect in the MLC assay to correlate to a general stimulatory effect on the 
immune system, absent evidence to the contrary." (Page 6 of the Office Action mailed 
November 24, 2004). 

Appellants submit that the Examiner has misinterpreted the focus of the assay disclosed 
in the specification. The purpose of the assay is not to test the properties of the stimulator cells, 
as in a typical MLR assay, but to test the ability of a protein, such as PR0217, to enhance the 
expected response of the T cells, thus demonstrating general immunostimulant activity. 
Appellants further submit that the Examiner has not correctly characterized the teachings of 
Kahan et aL, Picotti et al and Campo et al. These references, in combination with those cited by 
Appellants, demonstrate the art as a whole recognizes that the mixed lymphocyte reaction (MLR) 
is in fact a widely used in vitro assay for identifying immunomodulatory compounds. 

1. The MLR assay is used to demonstrate general immunostimulant activity of the 
test protein PR021 7 

In support of the rejection, the Examiner goes into considerable detail explaining the 
mechanism of the MLR, also known as the mixed lymphocyte culture (MLC) assay. The 
Examiner's primary point is that the MLR assay allegedly has not been shown to be predictive for 
general immune responses in vivo because it is a special case of antigen stimulation in which T 
lymphocytes respond to foreign histocompatibility antigens on unrelated lymphocytes or 
monocytes. According to the Examiner, this "reaction is not predictive of general responses of 
the immune system because, in vivo, activation of a lymphocyte is controlled not only by antigen 
binding but also by interactions with other cells." 

Appellants respectfully point out that the MLR assay also depends upon the interactions 
of T lymphocytes with other cells, in particular, with the stimulator cells used in the described 
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MLR protocol. As explained in the textbook "Basic and Clinical Immunology/' cited by the 
Examiner in the Office Action mailed May 10, 2004, T cells cooperate with antigen presenting 
cells (page 31, col 2) in vivo. The most potent antigen presenting cells are dendritic cells, which 
are the predominant cell type found in the irradiated stimulator cell population, as explained in 
the Fong Declaration (see paragraphs 5-6). Thus the MLR assay does measure the interaction of 
T-lymphocytes with other cells, and therefore is a valid predictive model system in this respect. 

The Examiner has further asserted that "[t]he ability of the claimed invention to stimulate 
proUferation in the MLC assay may not be a general stimulus to lymphocyte proliferation, but 
rather a reaction to one of the MHC antigens on the responder cell." (Page 5 of the Office Action 
mailed November 24, 2004). Appellants submit that the Examiner appears to have 
misinterpreted the intent of the assay. It is understood that, as the Examiner has stated, the MLR 
is based upon an allogenic response. Thus the mixing of the stimulator and responder cells is 
expected to lead to T cell proliferation even in the absence of any test protein. However, the 
point of the assay is not to measure the degree to which the stimulator cells induce proliferation 
of the responder cells. Rather, the point is to measure the extent to which the test protein can 
enhance the expected proliferation of the stimulated T cells. 

This misimderstanding is further demonstrated in the Examiner's discussion of 
supposedly "essential" controls. The Examiner has asserted that "there are several controls which 
the art recognizes as being essential for meaningful results for this assay, including autologous 
controls, a control to determine maximum response, screening for possible HLA antibodies and 
growth support capabilities" as well as internal controls to account for inherent variability of 
individual cellular responses. (Page 5 of the Office Action mailed November 24, 2004). 
Appellants submit that these controls are only needed when the purpose of carrying out the MLR 
assay is to evaluate the properties of the stimulator cells. As shown, for example, in Figure 16-4 
of "Basic and Clinical Immunology, cited by the Examiner in the Office Action mailed May 10, 
2004, the comparisons to mismatched (maximum response) and autologous (background) 
controls allow one to determine the degree of HLA class n antigen similarity between the 
stimulator cells and the responder cells. Such determinations, however, are not relevant to the 
MLR assay of Example 74. 
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The purpose of the assay disclosed in the instant specification, as discussed above, is to 
characterize not the stimulator cells, but the test proteins , such as PR0217. The precise extent to 
which the stimulator cells stimulate the responder cells is not significant; what matters is the 
degree to which the test protein increases this response. The extent to which the test protein 
increases the response of the T cells is measured by comparison to a negative control reaction, 
which uses either cell culture medium, or a non immunostimulant molecule, CD4-IgG, as a 
negative control. Because the response in the test reaction is compared to a negative control 
reaction, and because both reactions use the same stimulator and responder cells at the same 
time, additional controls to determine the precise properties of these cells are not required. 

2. The art recognizes the MLR as an in vitro assay useful for identifying compounds 
with immunomodulatory activity in vivo 

hi support of the assertion that "the MLC assay, which is art recognized for determining 
histocompatibility, does not appear to be predictive of general immune response in vivo'' the 
Examiner has cited references by Kahan et al, Picotti et al and Campo et al (See page 5 of the 
Office Action mailed May 10, 2004). All three references study allograft rejections and 
immunosuppression of graft rejection using test compounds studied in vitro. 

As a preliminary matter, Appellants submit that, as discussed above, the evidentiary 
standard to be used throughout ex parte examination of a patent application is a preponderance of 
the totality of the evidence under consideration. Accordingly, Appellants submit that in order to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, the 
Examiner must establish that it is more likely than not that one of ordinary skill in the art would 
doubt the truth of the statement of utility. With respect to asserted therapeutic utilities based 
upon in vitro data, an applicant "does not have to prove that a correlation exists between a 
particular activity and an asserted therapeutic use of a compound as a matter of statistical 

1 8 

certainty." The law requires only that one skilled in the art should accept that such a correlation 
is more likely than not to exist. Appellants respectfully submit that when the proper evidentiary 
standard is applied, a correlation must be acknowledged. 



M.P.E.P. 2107.03 
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The Examiner cited Kahan et al. as stating that "no in vitro immune assay predicts or 
correlates with in vivo immunosuppressive activity; there is no surrogate immune parameter as a 
basis of immunosuppressive efficacy and/or for dose extrapolation from in vitro systems to in 
vivo conditions." (Page 4 of the Office Action mailed May 10, 2004). Appellants respectfully 
note that the asserted utility for the claimed PR0217 polypeptides is as an immunostimulant , not 
an immunosuppressor. Appellants further submit that, as discussed above, the art as a whole 
clearly establishes that the mixed lymphocyte reaction (MLR) is a widely used in vitro assay for 
identifying immunomodulatory compounds , as demonstrated by the examples of tepoxalin, 
tautomycetin, and IL-12. In addition, Picotti et aL, cited by the Examiner in the Office Action 
mailed May 10, 2004, provides evidence that a molecule which does not show the predicted 
activity in the specific pathway of graft versus host interaction, may still have general 
immunomodulatory activity. 

The Examiner cited Picotti et aL as demonstrating that "IL-12 enhances alloantigen- 
specific immune function as determined by MLC, but this result in vitro does not result in a 
measurable response in vivo (i.e. failure to accelerate graft rejection)." Appellants note that the 
asserted utility of PR0217 is not accelerated allograft rejection, which is hardly a process that 
medical practitioners would wish to accelerate. Thus the fact that IL-12 does not accelerate 
allograft rejection is not relevant to the utility of PR0217. Nor is the failure of IL-12 to 
accelerate allograft rejection an indication that IL-12 does not possess general immunostimulant 
properties in vivo, Picotti et aL confirm that "IL-12 is also a key cytokine involved in promoting 
cell mediated immune responses in vivo" (page 1459, col. 1). The fact that a molecule such as 
IL-12 that has known in vivo immunostimulant properties does not accelerate graft rejection, 
supports Appellants' argument that graft rejection is a specific pathway that does not necessarily 
reflect general irrmiunoregulatory function. Picotti et aL draw a similar conclusion, suggesting 
that "the magnitude of Thl -driven alloimmune response may not correlate directly to the severity 
of graft rejection," perhaps because Th2-driven immune responses are more relevant to graft 
rejection (page 1459, col. 2). 

The Examiner has further asserted that Campo et aL "demonstrate that while zinc 
suppresses alloreactivity in MLC, it does not decrease T-cell proliferation in vitro nor produce 

-19- 

Appeal Brief 
Application Serial No. 09/904,01 1 
Attorney's Docket No. 39780-1618 P2C8 



immunosuppressive effects in vivo. (Page 5 of the Office Action mailed July 15, 2003). 
Appellants respectfully point out that the Examiner has misinterpreted this statement, due to the 
fact that the authors refer to two different types of inmiunosuppressive effects . Campo et al set 
out to look for an inhibitor of MHC in vitro which would have the fewest side effects in vivo (see 
Abstract). The authors note that high concentrations of zinc "impair all T cell and monocyte 
function" (page 20; emphasis added). The authors took this impairment as an indicator of 
toxicity, and therefore intentionally used concentrations of zinc below that at which all T-cell 
function was impaired, in order to identify a concentration range that would not result in toxic 
effects. However, that does not mean that Campo et al. found zinc to have no 
immunosuppressive activity in vivo, hi fact, the authors conclude, based upon their MLC results, 
that "zinc could become an immunosuppressant in transplantation medicine without toxic 
side effects" (page 21; emphasis added). Thus Campo et aL su pports Appellants' position that 
those of skill in the art would interpret the results of MLC assays as having physiological 
relevance. 

Appellants note that the Examiner has failed to point out several instances within these 
cited references wherein the authors stated that MLR is an important method with a good 
predictive value . For example, Campo et al teach that "the human mixed lymphocyte culture 
(MLC) is an important method to test donor-recipient compatibility in bone marrow 
transplantation. It could be shown that cytokine release, especially IFN-7, has a very good 
predictive value with regard to the transplantation outcome, as cytokines play a major role in 
the generation of an alloreactive immune response and for the induction of graft rejection in 

vivo Landolfo et al inhibited T-cell reactivity by the addition of anti-IFN-7 both in vitro and 

in vivo'' (see page 18; emphasis added). Further, Picotti et al showed that the IL-12R/31 subunit 
was critical for IL-12 driven enhanced alloimmune response in vitro and in vivo (see abstract). 
Thus, while there are instances of unpredictability using the MLR assay, there are many studies 
showing predictable results, including studies from Picotti, Landolfo and the IFN-7 study. 
Finally, Campo et al teaches that "cyclosporin A, FK506, and other substances are used to 
prevent graft rejection. In vitro experiments revealed an inhibition of the MLC" (page 16). 
Thus the teachings of Campo et al confirm that inhibition of the MLR is observed for known 
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immunoinhibitory molecules, that are in actual clinical use . 

In summary, Appellants respectfully submit that the Examiner has not shown that a lack 
of correlation between results of the MLR assay in vitro and immunomodulatory activity in vivo 
is typical . In fact, Picotti et al. and Campo et al support Appellants' position that it is more 
likely than not that the in vitro MLR assay can be successfully used to identify compounds 
having immunomodulatory activity in vivo. The Patent Office has failed to meet its initial 
burden of proof that Appellants' claims of utility are not substantial or credible. 

D. The Fong Declaration supports "real world" utility for proteins that test 
positive in the MLR assay 

The Examiner has asserted that "[t]he [Fong] Declaration under 37 CFR 1.132 filed 02 
September 2004 is insufficient to overcome the holding of lack of utility based on results of the 
MLR assay." Li particular, the Examiner takes issue with Dr. Pong's statement that "[t]he MLR 
assay of the present application is designed to measure the ability of a test substance to "drive" 
the dendritic cells to induce the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the immune system to respond to a 
particular antigen that may not have been immunologically active previously." The Examiner 
states that "[t]his is not what the instant specification asserts at pages 208-209. There is no 
mention in the instant specification about boosting the immune system 'to respond to a particular 
antigen that may not have been immunologically active previously." The Examiner asserts that 
"Dr. Fong is reading the results of the Peterson et al. reference into the disclosure of the instant 
specification," and that because this reference was not available at the time the instant application 
was filed, "reUance on the methods and results of this reference is improper." (Page 6 of the 
Office Action mailed November 24, 2004). 

Appellants submit that the statements of Dr. Fong regarding the purpose of the MLR 
assay described in the instant specification are not based upon the Peterson et al. reference, but 
upon evidence regarding the properties of antigens and antigen presenting cells that was well 
know in the immunological art at the time the instant appUcation was filed. 

The specification discloses that the stimulator cells used in the MLR assay were treated 
with 3000 Rads of radiation. As explained in the Fong Declaration, 
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This irradiation is done in order to create a sample of cells that has mainly 
dendritic cells. It is known that the dendritic cell population among the PBMCs 
are differentially affected by irradiation. At low doses (500-1000 Rad), the 
proliferation of most cells, including the B cells in the PBMCs, is preserved, 
however, at doses above 2000 Rad, this function of B cells is abolished. Dendritic 
cells on the other hand, maintain their antigen presentation function even at a 
3000 Rad dose of radiation. 

Thus one of ordinary skill in the art, upon reading that the cells were treated with 3000 Rads, 

would have understood that, as a consequence of that treatment, the stimulator cells would be 

predominantly dendritic cells (DCs). 

It was well known at the time of filing that, as disclosed in Steinman et al,, "[t]he best 
studied function of DCs is to convert antigens into immunogens for T cells" (Abstract). 
Appellants note that while the article by Steinman et al. was published in 2000, it is a review 
article that summarizes previous findings in the field, and cites articles on dendritic cells from 
1997 and 1998 (page 586, col. 2). Thus Steinman et al provide an accurate indication as to what 
was known in the art at the instant application's asserted priority date of September 1998. 

It was also the case that "protein antigens often are known for a tumor-like melanoma, or 
for a virus like HIV-1 whose genetic sequence has been available," but that these antigens 
needed to become immunogenic, that is, capable of inducing a T cell response (Steinman et 
aL, page 585, col. 1 ; emphasis added). The use of DCs in therapeutic treatment for melanoma 
was already being tested in clinical trials around the priority date of the instant application, as 
evidenced, for example, by Thumer et aL, whose results were completed and published by 1999. 
Steinman et al. further disclose that "[i]n order for an antigen to become a strong immunogen, 
one needs to provide a stimulus for the final maturation of the DCs," explaining that most DCs in 
the body "are in an immature state and lack features leading to a strong T cell response" 
(page 585, col. 2; emphasis added). 

Thus one of skill in the art would have understood at the time of filing that (i) molecules 
which enhanced the proliferation of stimulated T-cells would increase the ability of DCs to 
convert antigens to immunogens, and (ii) such stimulatory molecules would allow antigens that 
were not usually immunogenic, such as the melanoma or viral antigens described above, to 
become immunogenic. Therefore, while the specification does not use the precise language that 
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the purpose of the MLR assay was to identify molecules capable of boosting the immune system 
"to respond to a particular antigen that may not have been immunologically active previously," 
the structure of the assay, which is designed to find molecules that increase DC-induced T-cell 
proUferation, is clearly intended to find precisely such molecules. This conclusion would have 
been apparent to the skilled artisan based solely upon knowledge about DCs and their role in 
antigen presentation that was widely known in the art at the time of filing. 

The Examiner has also disputed the relevance of the Gubler et al article, cited by Dr. 
Fong in his Declaration as providing an example in which the MLR assay was used to identify a 
molecule, IL-12, that was proven to also have in vivo immunostimulant activity. The Examiner 
has asserted that "a review of Gubler et al, does not reveal the use of MLR in evaluating the 
biological effects of IL-12" and adds that "further work of researchers regarding JLAl was not 
based on the results of a single assay, being the MLR, but rather by a body of work which 
provides for a number of biological activities of IL-12, which are not disclosed for the claimed 
invention". (Page 7 of the Office Action mailed November 24, 2004). 

Gubler et al identified CLMF (Cytokine Lymphocyte Maturation Factor), a 
heterodimeric lymphokine, and designated it as interleukin 12. Gubler et al. reported the 
molecular cloning and expression of CLMF (see column 1, last line and Materials and Methods), 
and performed two biological assays: (i) the T-cell growth factor assay (see Table 1 and Fig. 3 
(upper panel) and (ii) the LAK (lymphokine activated killer) cell induction assay. In the T-cell 
growth factor assay, PHA-activated lymphoblasts prepared from human PBMCs were used to 
measure lymphoblast proliferation in a tritiated thymidine assay very similar to the instant MLR 
assay (see legend of Table 1). Table 1 summarizes the results and demonstrates that the two 
subunits, 35 kDa and 40 kDa of CLMF together showed the highest incorporation (58,615 cpm 
and 38,361 cpm incorporation for 1 :20 and 1 : 100 dilution). As Gubler et al discloses in column 
1, page 4143: "we initiated a search for novel cytokines that would synergize with suboptimal 
concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro and thus might 
have synergistic immunoenhancing effects when administered together with recombinant IL-2 
in vivo. This led to the identification of a factor, designated CLMF". 
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Therefore, while Gubler et al did not use the same MLR assay as disclosed in the instant 
specification, they used a similar in vitro assay of T-cell proliferation, confirming Appellants' 
assertion that such in vitro systems are predictive of in vivo efficacy . Further, Appellants submit 
that the "body of work" performed by Gubler et al was CLMF cDNA cloning, expression, and 
computer searches for homology, which are routine experiments done to characterize any novel 
protein and do not represent "a number of biological activities." The only other biological assay 
performed in this study was the "LAK cell induction assay"discussed above. The activation of 
lymphocytes in an in vitro T-cell proliferation assay similar to the MLR assay was sufficient for 
the authors to conclude that CLMF/IL-12 was an immunoenhancing agent that could be 
administered in vivo . 

The Examiner asserts that there is allegedly "no evidence of record which correlates an 
activity of at least 180% of control as predictive of an activity of IL-12. It is not clear from what 
data this conclusion is derived. Therefore, the Declaration is not persuasive to overcome the 
holding of a lack of utility for the claimed invention based on the MLR assay" (Page 7 of the 
Office Action mailed November 24, 2004). 

The case law has clearly established that in considering affidavit evidence, the Examiner 
must consider all of the evidence of record anew.^^ "After evidence or argument is submitted by 
the applicant in response, patentability is determined on the totality of the record, by a 
preponderance of the evidence with due consideration to persuasiveness of argument" 
Furthermore, the Federal Court of Appeals held in In re Alton, "We are aware of no reason why 
opinion evidence relating to a fact issue should not be considered by an examiner" . Appellants 
also respectfully draw the Examiner's attention to the Utility Examination Guidelines'^ which 
state, "Office personnel must accept an opinion from a qualified expert that is based upon 

InreRineharU 531 F.2d 1084, 189U,S.P.Q. 143 (C.C.P.A. 1976) and /« re Piasecki, 745 F.2d. 1015, 
226 U.S.P.Q. 881 (Fed Cir. 1985). 

In re Alton, 37 U.S.P.Q.2d 1578, 1584 (Fed. Cir. 1996)(quotmg In re Oetiker, 977 F.2d 1443, 1445, 24 
U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992)). 

In re Alton, supra. 

Part IIB, 66 Fed. Reg. 1098 (2001). 
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relevant facts whose accuracy is not being questioned; it is improper to disregard the opinion 
solely because of a disagreement over the significance or meaning of the facts offered." The 
statement in question from an expert in the field (the Fong Declaration) states that "(i)t is my 
considered scientific opinion that a PRO polypeptide shown to stimulate T-cell proliferation in 
the MLR assay of the present invention with an activity of at least 1 80% of the control is 
expected to have the type of activity as that exhibited by IL-12, and would therefore find practical 
utility as an immune stimulant." Therefore, barring evidence to the contrary regarding the above 
statement in the Fong Declaration, this rejection is improper under both the case law and the 
Utility guidehnes. 

For the reasons given above. Appellants respectfully submit that the results of the MLR 
assay as shown in Example 74 of the present specification, and first disclosed in U.S. Provisional 
Apphcation No. 60/100,858, filed September 17, 1998, provide a specific, substantial and 
credible utility under 35 U.S.C. §101 for the claimed invention. Accordingly, Appellants 
respectfully request that the subject matter of the instant claims be granted the September 17, 
1998, priority date of U.S. Provisional Apphcation No. 60/100,858. 

ISSUE II: Claims 39-43 are not anticipated under 35 U.S.C. §102 by Hsieh et aLor Brewer 
etaL.'WO 98/54963 

Claims 39-43 stand rejected under 35 U.S.C. §102(a) as allegedly being anticipated by 
Hsieh et al (Nature 398:431-436, pubhshed April 1, 1999) which discloses an amino acid 
sequence having 99.7% sequence identity to SEQ ID N0:4 of the present application. 

Claims 39-43 further stand rejected under 35 U.S.C. § 102(b) as allegedly being 
anticipated by Brewer et al (WO 98/54963, pubhshed December 10, 1998), which discloses a 
amino acid sequence having over 99% identity to SEQ ID N0:4 of the present application. 

Appellants submit that, as discussed above regarding the utility requirement of 35 U.S.C. 

§101, (Issue I), the results of the MLR assay (Example 74) estabhsh a specific, substantial and 

credible asserted utility for the claimed antibodies that bind the PR0217 polypeptide. These 

results were first disclosed in U.S. Provisional Application Serial No. 60/100,858, filed on 

September 17, 1998. As discussed above, the disclosure of the instant application, which is 

similar to that of the earlier-filed application (U.S. Provisional Application Serial No. 
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60/100,858), provides the support required under 35 U.S.C. §1 12 for the subject matter of the 
instant claims. Accordingly, Appellants submit that the subject matter of the instant claims is 
disclosed in the manner provided by 35 U.S.C. §1 12 in U.S. Provisional AppHcation Serial No. 
60/100,858. Therefore, the effective filing date of this application is September 17, 1998, the 
filing date of U.S. Provisional Application Serial No. 60/100,858. 

The joumal article by Hsieh et al was published on April 1, 1999, which is over six 
months after the effective filing date of the instant application; hence Hsieh et al is not prior art. 

The PCT patent application by Brewer et al, WO 98/54963, was published on December 
10, 1998, which is over two months after the effective filing date of the instant application; hence 
Brewer et al is not prior art. 

The Examiner has asserted that "a review of the instant application and this [MLR] assay 
do not lead to a conclusion of utility based on this assay, and therefore, priority to this 
provisional application is not afforded." (Page 2 of the Office Action mailed May 10, 2004). 

In this regard. Appellants refer to the arguments and information presented above under 
Issue I with respect to utility. These arguments are incorporated by reference herein. Appellants 
respectfully submit that as described above under Issue I, the data from the MLR assay disclosed 
in Example 74 provides a specific, substantial and credible utility for the claimed invention and, 
therefore, the present specification teaches one of ordinary skill in the art "how to use" the 
claimed invention without undue experimentation, as described above. 

Accordingly, Appellants respectfijlly request reconsideration and reversal of the rejection 
of Claims 39-43 under 35 U.S.C. § 102(b) as being anticipated by Hsieh et al or Brewer et al 

CONCLUSION 

For the reasons given above. Appellants submit that the MLR assay disclosed in Example 
74 of the specification provides at least one patentable utility for the antibodies of Claims 39-43, 
and that one of ordinary skill in the art would understand how to used the claimed antibodies, for 
example in therapeutic applications where enhancement of an immune response is beneficial, 
such as the treatment of viral infections or cancer. Therefore, Claims 39-43 meet the 
requirements of35USC§101. 
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Further, this patentable utility for the claimed polypeptides was first disclosed in U.S. Provisional 
Application Serial No. 60/100,858, filed on September 17, 1998, priority to which is claimed in 
the instant application. Accordingly, the instant application has an effective priority date of 
September 17, 1998, and therefore Hseih et al, published on April 1, 1999, and Brewer et al, 
WO 98/54963, published December 10, 1998, are not prior art and do not anticipate the claims 
under 35 use § 102(a) or(b). 

Accordingly, reversal of all the rejections of Claims 39-43 is respectfully requested. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Accoimt No. 08-1641 (referencing Attorney's Docket No. 
39780-1618 P2C8) . 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



Respectfully submitted. 
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CLAIMS APPENDIX 

Claims on Appeal 

39. An isolated antibody that binds to the polypeptide (SEQ DD N0:4). 

40. The antibody of Claim 39 which is a monoclonal antibody. 

41 . The antibody of Claim 39 which is a humanized antibody. 

42. The antibody of Claim 39 which is an antibody fragment. 

43. The antibody of Claim 39 which is labeled. 
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Items 1-4 were made of record by the Examiner in the Office Action mailed May 10, 2004. 

Items 5-6 were cited in Appellants' Response filed March 3, 2004, and noted as considered by the 
Examiner in the Office Action mailed May 10, 2004. 
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Item 7 was submitted with Appellants' Request for Continued Examination and Preliminary 
Amendment filed September 2, 2004, and noted as entered on the record by the Examiner in the 
Final Office Action mailed November 24, 2004. 
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Immunosuppressive therapy 

Barry D. Kahan 

The University of Texas Medical School, Houston, Texas, USA 

Although Cyclosporin A \^as improved transplant outconne, its use 
has serious limitations duo to its narmw therapeutic window. New 
approaches to broaden this window exploit alternative drug formulations, 
pharmacokinetic profiling and new immunosuppressive agents, such as 
Rapamycin and Brequinar, which act in a synergistic fashion. There is no 
evidence to suggest that the pharmacological alternative to Cyclosporin A^ 
FK-506 displays' a broader therapeutic window, although it may be 
tenfold more potent Similariy, despite the specificity of the lgC2a mouse 
anti-human CD3 monoclonal antibody, it displays a significant: range ot 
clinical side effects, delayed therapeutic action and frequently stimulates 
generation of human anti-mouse monoclonal antibodies. Recent advances 
in monoclonal antibody technology seek not only to produce antibod.es 
against determinants involved in alloactivation, but also to ^humanize 
the antibodies for reduced side effects. The availability of this array o 
potential agents highlights the need to develop guidelines for clinical 
trial methodologies to address the unique needs and demands of organ 
transplantation. 



Current Opinion in Immunology 1992, 4:553-560 



Introduction 



After thirty j-ears of \igc>rc)u5 but relativel>' unproductive 
research, the 6eid of immuno.suppressi\r dmgs arvak- 
ened following the approval of two agc-nts tliai, in con- 
trast arihc non sclcc-tivc dnigs Azaihioprine (Aza) and 
corticx)s-ieroids, diiiplay relaiivd>' .specific acUons on T 
cxilLs. One of these, the fungal undecapeptidc Cycit Tspt mn 
A (CsA). not onV impn)ved clinical outcomes and brcrod 
cned the dinica! settings in ^-hich transplanrs were suc- 
cessful, but also provided a unique tool fc»r dissecting 
activation mechanisms leading to lymphokinc svTithc- 
Sis. Subsequent approval of the other agent, the IgG2a 
mouse monoclonal antibody (mAb) OKT.3, heralded 
the use of reagents that bind sdcctivTc T<eU surface 
markcni to modulate the imnuine rcspoasa l^hc past 
decade has winessed striking pn)j;ress in the desvl 
opnicMii of new phaniiacological agents (I-ig. 1 ). One 
group inhibits lymphokine biosynthesis, FK-506 or sig 
nal traasduction, Rap^m>x'in (RAPA). A scwnd gmup 
is the nucleotide sv-nthesis inhibitors; Mizorbine [1 ) and 
RS61413. J morphdinoeihxiester analog of myropheno 
lie acid (MPA) |2**1, block purine saK-age pathways with 
the generation of guanosine monophosphate, and the 
quinoline carboxvlic acid Brequinar (DQR) blocks the 
de nmv synthesis of pyrimidines A iliird group, 



new mAbs. recognizes specific surface epitopes on T 
cells and antigen-presenUng celLs (Fig. 2). Immunosup- 
pressi\« activity has been documented {4-9) with several 
mAbs diat bind wrious determinants as .shown in table 
1 Prolonged graft survival has alst) been achieved with 
anUbodics. or pK^erably their F(ab')2 fragments, directed 
towards class I (lOj or class 11 MIlC antigens. A refine- 
ment of mAb technoU)g\^ Is the production of immuno- 
toxins. Ricin a-chain toxin llnkcxJ it> nioase anti-human 
CD5 IgGl mAb has been used by Haviertv- (personal com- 
munication) to treat steroid-resistant graft vrrsus host dls 
ease in human bone marrow transplanuiion. This array 
of new agents proffers an unprecedented opportunity 10 
design effecUvr, >vt miniinattv^ toxic, regimens to improve; 
the ouirame of transplantation in man. 



Limitations of existing immunosuppressive 
regimens ^ 



Currcmly, cUnical regimeas are based upon the use of 
CsA, the immunosupprc^nni benefits of which are se- 
riously limited by side effects. In attempts to augmt-nt 
iLs eftkacy, die wrUcostcroid Prednisone (Pred). Aza, 



Abbreviations 

Alt-anti-lyniphocytc sora; Aza-A/athioprine: BQR- ^requirwr; CMV cytomegalovirus: Cj^^-Cyd^^^^^ 
cT-cytotoxic l\mpUnyi., DTH-:^rbyed type hypersensitivity ICAM-intercelluIar adhes^ molecule, 
(t-imorieukin: UA-lymphocyte function-assodatec! antigen; mAb-nu»m^donal antibody-; 
MHC~majir histocompatibility complex; MPA mycophcnolic acid: MM^-rnizorb.ne: . 
NMT -nudear factor of actK-aied T c«lls: Pred -Prednisone; RAPA Rapamycia TCR-Kell receptor; Th-T-helpcf, 
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554 TransplanUtion 
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< Deuxyspergualin FK - 506 



Rapamycin 6-MP 
M/B 
Mycophenolic 
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Fig. 1. Classilication of immunosuppres- 
sive drugs based upon their site of ac- 
tion in the cell cycle. In the firsl Rroup, 
rorticosteroid, and possibly deoxysper- 
gualin, inhibit antigen- presenting cells. 
In the second group. Cyclosporin A 
(CsA) and FK-506 inhibit lymphokine 
(IK) biosynthesis during the Cq phase 
and Rapamycin inhibits signal trans- 
duction during the Ci phase. In the 
third ^roup (the nucleoside synthesis in- 
hibitors), Mizorbine (MZB) and R$61443 
(a morpholinoethyf-ether analog of my- 
cophenolic acid, MPA) inhibit purine 
synthesis pathways leading to the gen- 
eration of guartosine monophosphate; 
whereas Brequinar tquinottne carboxylic 
acid) inhibits the de novo synthesis of 
pyrimidin<*s IL, interieukin; R, receptor. 
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Fig. 2. Epitope targets of monoclonal 
antibodies. ICAM, intercelfular adhesion 
molecule; H, interfeukin; MHC major 
histocompatibility comfitex: R, receptor; 
TCR. T-chII receptor. 



TiUe 1. Deiemitnants rt^cognized by immur^nsupprcssivc 
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antigen- 1 





equine or rabbit polyclonal antMyrnphoqte sera ( ALG) 
and/or mouse OKT-3 mAbs hav-e been combined in em 
pineal regimcas thai arc often tailored to individual pa 
tienis. To address one limitation of CsA, nephro and'or 
hepato-ioxiciiy during the initial past-tninsplant phase 
of induction inununasuppressix'c dierapy, which dclav-s 
allograft and fraticnt rtxxn^ry. pharmacokinetic control 



programs havr been used tHther to pfe-sdea CsA doses 
fill or to combine AiX3 or OKT3 with Aza/Trcd in or- 
der to delay treatment with CsA. However, immediate, 
rather than delayxxJ. administration of CsA to patients 
displacing good initial renal hinciion avoids the disad- 
v:intages of ALG/OKT 3 induction, namely' an increased 
risk of c>tomcgalp\inis (CMV) infeaion, additional ex- 
pense and/'or debi>'ed hospital discharge awaiting .vai- 
isfiaaoiy CsA k\'ds after treatment with CsA. Howev^T. 
patients at extraordinarily high immunological risk, diie 
to rejection of previous allografts widiin three months, 
or with marginall}'Tfunctioning organs may preferably' be 
treated with AIXj or OKT-3 induction a.< a possible means 
to delay the oaset of their first rejection episodes. Two 
possible alternatives for induction therapy are the CsA 
analogs that may display reduced nephrotoxicit)', namely 
Cvdosporin G (12|, w^ich substitutes norvaline at pc> 
sition 2. and IMM^125 with a hyilrophilic substiiuent at 
posiik)n 9- 

To dale, ik) large randomized study has shown tkit the 
indiKtion regimen alters the <:linicnl outcome; raiher. a 
small cohon rejx>rted by Belitsky et al { 13) showed 
no diff<;a"nce bctwxxm AIjG wrsus inidal Cs\ therapy, die 
two optioas for iiKliKti{}n therap\'. There may Ixr .sevrral 
reasons f<ir this. Firstly, the polyrlonal reagents, such as 
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rabbil oi equine Minncsoia ALG ami ami t^mK-yic gl^b 
ulin, regardless of their source, opsonize T cells, leading 
to their rcmov-jJ from the circulation. This depletion (ib\i 
ates T ceil nicdiaied aiuck on the allograft. Among other 
faaors that mast be considered is that the central intra 
x-enous lines required for pol>r!onal adn^iinisiration may 
be accidental^ contaminated, producing septicemia. Fur 
ther» there are no indices of the efficacy of the polyclonal 
sera. Peripheral blood T cell numbers above the taq^et 
far>ge of *vC>-l50/ml tend only to be useful reflections 
of the appearance of human hast anti equine antilxxl- 
ies, not immunological resistance to therapy. T!ie other 
induction therapy using OKT-3.. xi-hich cci\-ers and^'or 
modulates CD3 epitopes on die T-cell surface, offers 
the ad^-antages of bod) peripheral iritravTenoas admin- 
istration and readily available fluorescence-activated cell 
sonir>g (FACS) tests for aniibod>- efficacy. T\\c clinician 
monitors patient peripheral blood K-mphoote T cell epi 
topes for (a) evils with expasc*d CD3 epitopes t^iat wrre 
not bound by OKT 3 in vivo by their capadt>' to bind 
lluoiesceruted OKT 3 in ritro, (b) the total number of 
circulating T cells ^ith fluorescenated anii'CD2, a pan 
T-celi marker, and (c) the proportion of OKT-3-coated 
cells detected with a goat anti-mouse IgG reagent A sat- 
isfactbiy therapeutic effect is observed vA\cn the patient 
has <25% OKT-3+ celb in /vfw and 60-75% CD2^T 
ceUs. about iO'X of wluch arc coated wdi niousc IgG 
which binds to OKT-3. 'V^'hile OKT 3 represents an ad- 
vance in immunosuppressive therajn-, it has .several .seri- 
ous limitiiioas: (a) severe first-dose reactions, including 
chills, fewr. myalgias and. in the wrst cases, pulmonary' 
oedema appaa-niK' due to l>"mphokine release ( panic* 
ularty lurnor nt«crosis factor arnl interlcukin (iL) 2; ( b) 
longer term ad\we elTccus such as aseptic meningitis; 
(c) a delay in the thcrajxruiic effect for ;is long as 7 
da\'S after initiation of ircaiment; (d ) induction of hunun 
anti-mouse antibodies, gencmlly of il>e anti-idioty]">e vari- 
et>-, but nc«i uncommonly of bn>adcr rcacii\1iy. ( e) a fre- 
quait iiKidence of rebound re- rejection episodes upon 
cX)mpleiion of the therapeutic course; and (0 a ieiKiwic\' 
upward CMV infections in 40% of treated patients. In ad- 
dition, l>oth ix)l)rlonal and niAb reagejits may produce 
excessive immunasupprcssion, resulting in increased in 
i.idences of CKfV infection and'or of hnnphomas and 
odier neoplasms, as wll as' allograft thrombosis. Thus, 
selection t'f a CsA versus an aniibod\' induction regimen 
must balaiice tlic risks of nephrotoxicity wrsus that of 
cxtx»si\Te immunosuppression. 

The use of CsA has reduced tlic risk of acute rejection, 
but a rational ajiproach to CsA admitustration is confiised 
by the iremendxii variability- bctwxxrn individuals in dnig 
pharmacokinetics and pharmacodv-namics (H). uliich, in 
lura generates a fear of irreversible renal injury in ca^ 
ihc CsA dose is excessive. Three approaches haw been 
used to addres.s iliLs problem: (a) combining axluced 
Cs\ doses witli subtherapeutic amounts of A:ai (I5l; 
(b) monitoring the parent compound CsA b.ised upon its 
trough coiKcntrauon prior to the next dnig dose 1 16|; 
;uiil (c) atljusting CsA dt)ses pmspectiv-ely based upon 
average ajncentraiions calailatcxl from serial measure 
ments of the area under the contvntraiion time aitve 



I ill. i^tnce dnjg absorjMion presents the greatest vuri 
ability in pharmacokinetics, attempts havx- been made 
,to increase CsA hioarailabilit)' by coadministration of 
Vitamin M (17]. In addition, the manufacturer has pro 
duccd a new micro eniulsion formulation that increases 
die bioav-jilabilit)- by fwofold above diat of the exist- 
ing oral solution or capsule preparaUon. which show 
eciuivaleni bioavailability in studies a)m[xiring both for- 
mulations (181. The critical issue seems to be the drug 
wncentraiion in the allograft. While direct intra-anerial 
infusion has been ascxi for experimenul nuxJels of re 
nal or cardiac allografts, good dmg uptake in man can 
be achieved by presenting (IsA as m aerosol in absolute 
ethanol when it has a mean panicle dianKter of 1.2 mi- 
crons (19). 

Optimal use of CsA demands the measurement of dmg 
concenirations/aciivitie^s at die le\t;l of its lyni[)h<K>te re- 
ceptor or target signal; transduction moleculef .s). which 
may be calcintnirin (an enzy-me diat may be invDhrd 
in a common step associated v^^lh T-celt and IgE re- 
ceptor signaling pathways) (20»»1 or the nucU:ar faaor 
of activated T cells (NF AT). However, a maior limita- 
uon may be die failure of CsA to inhibit Ivinj^ocyte 
activation via die CD28 surface marker 121], an impor- 
tant CO stimulatory pathway' that together with T<ell re- 
ceptor (TCR) sUmubtion blocks induction of anergy in 
T-cell cl<)nes (22); Fonunatdy. rej«.tion c^pLsixJes under 
OiA prophylactic therapy tend to be readily ^<;^x;rsed by 
corticasiemid therap>',: and the majority of steroid resis 
lant c-plsodes are overcome with polyrk)nal ALG and'or 
OKT 3 therapj'. Corticosteroids are Micvx-xl to represent 
the Achilles bed of transplantation bcvausc of the wide 
distribution and pidotropic dfcxxs of the glua;«:onkx>id 
receptor supcrfamily found in the cytoplasm. These are 
ONA binding dimeric transcription factors with .i zinc fin- 
ger structure that rcvognize enhancer (or npg.iti\'e reg 
ulaior) ckrnients bearing the GRU motif (GT.\C\nnnT- 
GTTCT, where n - any nuclw)lide) One important neg- 
ativv regulatory element is the AP-1 binding site, normally 
the foais for fos-jun hetenxiimers (23) An alternative 
appn>ach to the reductkjn of IL-lfJ gtmeration, an action 
typical of corticosteroids, is lt> inhibit the enzyme that 
i1eavx--s die iiucthr 31 kD precursor between Asp>*« and 
All"" to rrleasc the 153 carboxyftenninal amino adds 
ikit constitute IL ip (24]. Another immunosuppressive 
effect m,iy be achieved by the uprcgulauon of the syn 
tliesLs of transforming factor-P by steroids |25j. 

Withdrawal of steroid treatment months to y^trars after the 
transplant may he successful in patients who did not re- 
icvt the transplant 126*]. 

Preliminary data suggest that a ten-day o:Hirse of ilic IgM 
mouse anU-human a P 1X:R mAb T10D9.1A 31 | but 
not Bi\U031 (C Ga>th. perK)nal cxDmmunication), not 
only produces equivalent therapeutic effects to tk^se of 
OK T 3, but is less toxic in terms of inddence of fevxrr 
;ind neurological and rt^spiraiorv' .symptoms, as as 
of subsequent infc>:tk)ns, Furthemiore, T10li9 therapy is 
not assodaied with as great a rise in serum creatinine 
during treatment as OKT 3, suggesting a more rapkl 
aiicnuaiion of the alkVimmune response, llowiewr, the 
repeated asc of xciUTgdieic aniilxxlies during the induc- 
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lion phase as well as tor an ti rejection ifierapy may be 
complicated by iJic develt )pmoni of ncuinilizing human 
jnii-mousc aniiboclies. 

A major goal of nKiintenance immunosuppressi\ie ther 
apy is prophylaxis againsc chronic rejeaion. To date, not 
onV has Cs/V Pred therapy failed to reduce the incidence ^ 
of this complication from the l^-\0% icircl observed un 
der the Az;i''Pred combination, but there is no VrTiy to 
determine if the failure Ls due to its inherently modest in 
hibiritm of B-cell responses or to phy^iciaas' tendency to 
limit CsA therapy to minimal, possibly ineffcclivv, doses 
in order to mitigate a renal injury. Thus, despite the im* 
provvmeni in initial gnift surx ival, transplants continue to 
Ik' li>st in ilie longer term, with half- lives of about seven 
years for cardiac and 11.5 years for renal transplant in 
humans. A recent study of the efFecLs of immunosuppres- 
stvc daigs on coronary \'ascular disease in heteanopic rat 
i^^rdiac allografts suggests that R.\PA particularly, CsA to 
a leaser extent, but dednitch fU)t KK 506, inhibit pailio- 
logicai endothelial and smooth muscle lesions in arteries 
and arterioles, ^"hich seem to be the critical lesioas in the 
progression of chronic rejection (2"' J. 



New pharmacological agents ^ 

lioth the macrolide FK-506 and the undocap<-ptide Cs.\ 
intermpi lymphokine s>'nthcsis by inhibiting generation 
of the Ca^+ dependent regulatory proteins NF AT, NIIL 
JA, NFIL-2D. and NF-xP, but not c-fos, which is necessary 
Ibr IL-2 gcncratioa Presumably, both drugs also afFcart 
Marine protease gene traasciipts, an excellent marker of 
rejection [28]. The inhibition of cytotoxic T lyinphocyies 
( Cm.s). even in the presence of optimal amounts of 
Ls a prominent cffca of CsA (29] and. app;irenily. FK-506. 
Despite the assumption diat CsA and FK-506 produce 
.similar inhibitory effects, at least three differences havie 
been olxsened: first, FK 506 displays a flatter inhibition 
airvv than CsA with a wider discrepancy' in potency at 
the 50% inlubiiion than at the 95% inhibition lev-el; sec 
i ►ndh-. CsA leads to the generation of suppressive T cells, 
whereas FK-506 docs ruK; arxi thirdly, although both 
dnjgs inhibit CrM+ T helper (Th) hTtiphocytes. which 
secrete (L-2. only CsA (and not FK-50()) jx^miits priming 
(»f Cl>H'*"Cn> (30l. Furtliemiore, Ra tscther aixl Hawie 
131 1 suggest that CsA .wiclies lije immune respoasc to 
the gnift frt»ni a delayed type hvpcrseasiuvity (.DTH) re 
sfX)ase to an IgG res(X)ase by inhibiting the Thl subset 
with the emergence of the 'fh'l .subset, which actively in- 
duces IgG \ia 11. 4 generation and inhibits Tl)l cells and 
DTH via 11. 10. Both CsA and FK 506 spare iraascripli(?n 
of the down regulatory Kiiiphokine IL-10. While CsA in- 
hibits imnscripiion of IL-6. this faaor Ls not affected by 
FK-5iXi 

The coming yc*ar should witness public^ation of a vast ar- 
ray of randomized trials comparing the cliniai! outcome 
of livrr and renal transplants in patients treated with 
FK 5i)6 versus CsA. So far. a preliminary rxm nindom- 
ized study of livier recipients showed dial FK 506 ilierapy 
displays greater neurotoxicitv^ ecjuMent nephrotoxicity. 



but. pissibly, Ics.'i hypertension than d(.vs CsA therapy 
[32"1 A further claim thai corticosteroids do not have 
U) be used wiili FK 50t^ cannot be asscs.sed due to two 
factors firsdy. the protocol stipulated higher ?rcd doses 
in the CsA coiiort than those used with FK-506; and 
set ondly. to date, there is no pharmacokinetic analysis 
of Pred cijncentraiions in CsA \«r6us FK 506 treaunent 
groups in order tt;» exclude a dmg intcraaion. Addi- 
tionally, die exireincly poor results in the iruti;d study, 
wherein allegedly CsA-resistant patients were cxjnvrrted 
to treatment with FK-50(i, aaualty rellected antagonism 
between the twi> dmgs <*aascd by fa) an adverse im- 
munological interaai(jii lx,'tween the two agents that ap- 
parently have similar mechanisms of action |33) and (b) 
c<)ni|xHitive pharm:ici')kint*tic interactions. Although FK- 
5Qb has not yet l)een shown to achieve clinii:al results 
even equivalent to those iif CsA, eventual definition of its 
a'laiivv therapeutic window will depend uptw Plwse 11 
studies to select w^I-toleratc*d drug doses for random - 
i/xsi trials versus CsA thenipy 

^Tien a scvond agent, RS(>I443, was ;idded in doses of 
2 5tX>-3 500 tug per day to a CsA,- Pred regimen, it seemed 
io reduce the incidence of acute rejection episodes. How- 
ever, these high doses are likely tti produce tt)xidty, 
panicularty leukopenia and gastrointestinal complaints 
l2**]. Randomized placebo-controlled trials arc under- 
way to assess the efficacy of RS6l4i3 versus ^ added 
to a CsV Pretl regimeri Other studies arc examining the 
impact of a founh agent, deoxyspergualin. to ptnentiaie 
an ALG'A74''Pre(l CsA induction pnitocol. 

Hie studies that cktimed Aza displays phamucologlcal 
.s-yiierglsm with CsA foiled to utilize rigorous experi- 
mental design or data analysis (34), For instance, both 
in titrtt analyses [351 aiKl clinical results demonstrate 
that A/j acts in :ui addiiivie nranner rather than syher 
gisiicallv widi CsA (36 j. .Simihrly, hi rv/noarulyses sug 
gt»t that R.S6l ii3 I37j, mizorbine (37|, and thalidomide 
138 j also aa in an additive manner with CsA. Although 
initial data .suggested that BQR poteniiaies the cffea of 
Cs.\ \5**], recent experinicnt.s document tme syiiergism 
(3"1. Hov^x-vrr, CsA R.^PA combinatioas show tlie most 
impres>hv degree of s\nei;gy both in tiiw and in l iix) 
1391. Once Ph:ise I to.xidty trials have l)een completed, it 
will Ix; po.ssible to assess whetlier BQK or RAI*A displays 
the synergistic effeas with CsA in human traasplantation 
that are evident in rtxienis and large animal mcxiels. 



New monoclonal antibody reagents 



Scx'ond generation mAbs are being designed to avt)id the 
severe systemic reactions due to lymplv^kine release tliat 
follow initial doses of OKT-3- For example, tlie IgG2b 
anti-huinan a P ICK mAb BAU 031 used for induction 
therapy (duee 50 nig doses administered on alternate 
days) delays the on.set of first rejcx'iii>n episodes and 
probably improws otK^-yiear graft .survival (K Kniglu and 
BD Kahan, unpubli.shal data). Similar benefits have been 
rq)oned vsiili mouse and rat mAbs pnxluced against the 
activ^ation induced i-chain, or to new epitopes resulting 
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from itie formation of tlw aP complex, of ihc IL-2 recep- 
tor (81- 

However, treatment with these antibodies leads lu a 
high incidence of human an ti mouse antibodies, which 
may anenuate the immunosuppressive effects. Recent 
work has explored approaches to construct either (a) 
^chimeric* antibodies bearing human Fc segments joined 
to mouse F(ab')2 fragments, or (b) 'hunrunized' mAbs 
with mouse idioi>pes iaseited onto human IgG isotypes 
(Fig.3). Chimeric antibodies combine the variable re- 
gions of mouse antibodies with human antibody constant 
regions and, therefore, present fewer foreign amino acid 
sequences to the host. However, one-third of the struc- 
ture is still of nxHise origia Furthermore/a clinical trial 
asing a chimeric anii-CD7 mAb not only failed to achieve 
a superior levd of immunosuppression induction, but 
aLso increased the incidence of \uscular thromboses |7]. 
The latter effea may havie been related to the adhesion of 
Fc receptors on platclcLs and poi>Tnorphonuclear leuko 
cytes to the human Fc regions, bound to endothelium 
via mouse epitopes. On the other hand, 'humanized' an- 
tibodies conibine onh' the smallest part of a mouse an- 
tibod}-^ that is required, the antigen combining site, with 
Iiuman variable region frameworks and constant regions. 
Due to the reduced affinitv' of 'humanized* ariiibfxlies for 
antigen cpiU)pcs, Co ct at (40») recommended two inno- 
vations: firstly, selection of a human ftameworlc that is as 
homologous to the origirral moase antibody .is possible; 
and second!)', insertion of ke>' residues from the nwuse 
model into tfie construct in otder to achic\Te a molecular 
conformation that is similar to the native idiocype. "Hie 
beneficial effects of chimeric and humanized' variants of 
mouse mAbs will be clarified only by randomized clinical 
trials. 

Two altemati\Te apprcachcs seek to utili7.e niAhs di- 
reaed agaiast donor MHC antigens or against co- re- 
ceptor molecules. In a study of non human primates, 



OK T-'iA lgG2A niAbs. which react wiili die CD4 co recep 
tor on Th cells, provoked fewer side effects than OKT 3 
16]. In an initial clinical trial of OKI 4a induction ther 
;ipy (Cli rng'Tcg/day), all six patients suffered rejections, 
Tliese rejections were reversible, but left residual areas 
of dead tissue resulting from an ob.struction of the bkxxl 
suppV in half the renal allografts. UnfommateK'. OKT-4A 
also generated a strong human anii moiise antibody re- 
sponse 0 Harry, personal communication), Fxperimenial 
animal models are current])' being used to determine if 
antibody' efficacy Is related to T-cell deleiion and is poten- 
tiated by simultaneous treatment with an anti -CD8 mAb. 
On the one hand, Fathman arxi colleagues (41) found 
that depleting anti-CD4 mAbs prodiiced probnged allo- 
unrespoasiveness toward allogeneic pancreatic islets, an 
effeti that was nKxleran^ by simultaneous ircatnueni wth 
anti CDS mAbs. suggesting the role of a a*gulator CDS 
cell. On the other hand, Waldmann aixl colleagues \A2] 
induced tolerance torard nx)use heart traasplants where 
die donor and recipient were not matched at MHC: icviel 
usirig an anti-CD4 mAb that not on)>' did not deplete T 
cells but also was potentiated by siniuItarKXMJs adminis- 
tration of an anii-CDft mAb. 

A second approach to co-receptor molecules Is based on 
the interaction of lymphocyte ftirKXion-assodated anti- 
gen (LFA) 1 on CTLs with the intercelluUr adhesion 
molecule (ICAM)-l or monoc>ies. Expression of ICAM-1 
is up- regulated following lymphokine release, which oc- 
curs during acute allograft rejection but not during other 
pathological o-ents in the kidne>' {'13"l- Prophylactic and 
dierapcutic administrations of a mAb directed against the 
high molecular weight a chain of human ICAM l alone 
delayed both the onset and progression of rejcctwn 
epistxics in primate rerial allograft riKxlcIs, Using mouse 
mAbs direaed against LHA-1, Su>ppa et aL [44) rev'ersed 
.steroid resistant acute graft versus host reactions in nun. 
Indeed, the combinaticm of anti-lCANM and anii-LFA-1 
nu\bs prochjced alio tolerance in mice that wrrc not com- 




Ndtiw nK>u<e n\fih 





Chimeric human -mouse m.^b 



Humanized' mAb 



Rg. X Types of monoclonal antibody. 
Chimeric antibodies combine the vari- 
able regions of mouse antibodies with 
human constant regions and, therefore, 
preseru fewer foreign amino acid se- 
quences to the host. 'Humanized' anti- 
' bodies combine only the smallest part 
of; a mouse antibody that is required, 
the antigen binding site, with human 
variable region franr^eworks and con- 
stant regions. . 
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patible at the NtilC level (4S"). These promising results 
in animal models using niAbs directed against T cell and 
monocMe co- receptors auTiit confirm.iiion in controlled 
clinical trials. 

While clinical interventions to date haw focused oji using 
mAbs directed tcwurds surface epitopes important for . 
the afferent limb of the alio immune rcspoase, there is 
increasing c-xadence that anii-idioijpic antilxxlics. either 
exogcncHJsl}' introduced or endogenous!)*, spc>ntaneously 
generated, iiuy ablate the induction of alio immune re 
sponses A recent study pcdotmed by Snider {4tt\ sug 
l^ested tliat inununization of hosts v\ith antigei>-antibod\' 
complexes confers a bias in the epitope, resoilting in a 
less efficient antibody response that shaves anti-idiotypic 
properties. This approach represents a particularh' fertile 
ground for clinic^ exploration. 



Cytokine receptor analogs and antagonists 

A neu' group of immunosuppressive agents are the cy- 
tokine receptor antagonists. Ilie disrov-er)' and initial test- 
ing of an IL 1 receptor antagonist has been reviewed by 
Arend (-i?]. IgG stimuIated human monocytes naturalt>' 
produce liA receptor antagonist, a heterogenous array 
of gl>xx)prt)teins of 1 V-25 kD. depending upon thdr de- 
gree of gly-casyiaiion. lL-1 reccptt>r antagonist binds type 
I, but not type H, IL 1 receptors widiout activating cells 
and with wa'ddcrabK* less avidity than native II.- la and 
IL-1. T>pe I IL l receptors are present on Th2 cells 
and fibwbhsus; Type U IL-1 receptors are prest*nt on 
{\ cells, neuirophils, and macrophages. Althtxigh ther- 
apeutic trials of IL l receptor antagonist in rheumatoid 
.irthniis and scj^tic shock suggest some beneficial effcxrts, 
l*ahcn>' ctaL (48] failed to ol)ser\'c iliai IL 1 acceptor an 
Ligonist inhibited induaion of CTLs, culiuicims DTH. or 
I' cell dependent humoral antibody rc^poascs They also 
fixind that administration of a mAb to type U IL-1 recep 
* tor (35FS) vxs ineflTeciiw, Faaslow ei aL (49*1 recctitly 
oxtendal thar previous studk-s, ^liich used cxjaMructs 
*A the extra-inembi^anous portion of the IL I receptor, 
by iisir\g similar coasiructs of the XtA receptor. In the 
initial studies, they prolonged heterotopic pinnal. neoru 
tal mouse heart allograft sur\i\'al. but faileii to pa-v^eni 
alb sensitization, as documented l)y a rapid, secondar>* 
type proliferative: response upon in vitro one-v\'ay mixed 
lymphocyte reactions. In their recc*nt studies, coasiructs 
of IL-4 receptor alone, or in cx^mbination wiih rat anii- 
mouse 11.-^ receptor mAb, induced modest pn>k)ngaiion 
of heart allo-explants. 



Immunosuppressive drug trials 

Of the numerous ohsucles currenth^ hindering the devvl- 
c^pment of efficacious immunosuppressive regimcas, tljc 
lack of methodology for dinica! traasplantation trials is of 
particular importance. To date, no scries of Pliase I and 
II toxicity and dose finding trials has ixx-n conducted in 



order to establish a foundation for clinical im-estigatioa 
The introduction of A7ii. steroids, and CsA, as vajH as tlie 
prclin)inar> triaJs of FK 506. ha\r relied upon empirical 
approaches. Important obstacles to comprehensive trials 
include the rclatKely small numbers of transplant cases, 
tlie use of unrefined cnid points such as graft and patient 
.survTv:al. and the lack of well-established criteria for the 
diagnosis and grading of rcicction episodes, deficits that 
obfu-scate the use of tliis event as an inicnnediate end- 
ix)int. In addition, no in vitro immune assay predicts 
or coraHates vAi\\ it} viix) immunosuppressive efficacy; 
hence, iherc is no surrogate inunune parameter as a basis 
of inununosuppressix^ eflTicacy and'or for dose extrapo- 
lation from in vitro s>'siems to in vivo conditions. 

Since present results widi CsA based reginiens \TcId ex- 
cellent graft survivals, extremely hrge numbers of pa- 
tients mitst be entered into clinical trials to document 
improved efiicacy of a new agent. Even more cxteasKTe 
elforts xvill be needed to exclude the possibilit)' diat the 
a'sulis with the new agent are not actually worse than 
those obtained with the existent CsA regimen. In light 
of the presendy high success rates, the benefits of any 
new regimen mast be based upon both the potenc>' 
and dK* mitigation of side cffc*cts, as assessed by quan- 
titati\'e paramcHers, including glomerular filtration rates. 
The practice of clinical a-search \x\ transplantation miist 
proceed to develop principles of rigorous studv' design 
and precise analytical: toob in order to most expeditiously 
ev:aluate the a\-aibble array of new irnmunosuppressants 
described in this rev'iew. 
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Background, Interleukm-12 (IL-12) mediates ite bio- 
logic activities via binding high-affinity receptors on T 
and natural killer cells. Although emphasis has been 
placed on the requirement for IL-12R02 in IL-12 bio- 
acUvity, the role of IL-12R01 is less well defined. The 
current study evaluated the effects of exogenous IL-12 
on alloantigen-specific immune responses and deter- 
mmed the requirement for IL-12Rpi in lL-12-mediated 
alloimmunity. 

Methods, The mouse heterotopic cardiac transplant 
model was employed to evaluate the effects of IL-12 on 
alloantigen-specific immune responses in vivo. In ad- 
dition, IFN-y production in mixed lymphocyte cul- 
tures (MLC) supplemented with IL-12 was measured to 
assess the effects of IL-12 on Thl function in vitro. 
Mice deficient in ILrl2Rpi (IL.12RP1-'*) were used to 
determine the requirement for this receptor compo- 
nent in lL-12-driven alloimmune responses. 

Results, Addition of IL-12 to MLC consisting of wild- 
type splenocytes enhanced alloantigen-specific prolif- 
erative responses and Thl development. In contrast, 
IL.12 did not alter these in vitro immune parameters 
in lL-12Rpi~'" MLC. Treatment of wild- type cardiac 
allograft recipients with IL-12 resulted in high concen- 
trations of serum interferon-y (IFN-y) and a 10-fold 
increase in IFS-y production by recipient splenocytes 
after restimulation in vitro. However, this fulminate 
Thl response did not accelerate allograft rejection. 
Importantly, IL-12 had no effect on serum IFN-y or in 
vivo priming of Thl in IL-12Rpi"'~ recipients. Finally, 
administration of IL-12 to WT allograft recipients re- 
sulted in a bimodal alloantibody response: antibody 
production was suppressed at high doses of IL-12, and 
enhanced at lower doses* 

Conclusions, IL-12 markedly enhances alloantigen- 
specific immune function; however, these exaggerated 
Ihl -driven responses do not culminate in accelerated 
allograft rejection. Further, these data indicate that 
IL-l2Rpi is essential for the enhancement of both in 
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vitro and in vivo alloimmune responses by exogenous 
IL.12. 

It is well established that interleukin-12 (IL-12*} is a crit- 
ical cytokine involved in the r^ulation of Thl- and Th2- 
raediated immune responses in several experimental models 
(reviewed in 1 and 2). IL-12 has direct stimulatory and in- 
hibitory effects on Thl and Th2, respectively {3-6), Further, 
this cytokine promotes Thl and inhibite Th2 development 
indirectly by inducing interferon-y (IFN-y) production by ac- 
tivated T cells and natural killer cells (7-i2). Thl have been 
accepted as key regulators of allograft rejection, in that this 
cell type promotes both delayed-type hypersensitivity and 
cytotoxic t lymphocyte responses, which are believed to be 
the principle terminal effector mechanisms of acute allograft 
rejection (13, 14), An understanding of the role of IL-12 in 
graft rejection is just emerging. For example, IL-12 clearly 
augments alloreactive Thl: development in vitro (15), How- 
ever, the presence of IL-12 is not mandatory for the develop- 
ment of acute cardiac allograft rejection (15, 16), Hence, an 
important question is whether enhanced Thl function alters 
the rejection response. Given the IL-12Arhl dogma, one 
would predict that IL-12 would augment alloreactive Thl 
function, resulting in accelerated allograft rejection. The 
present study therefore wjis designed to test the hypothesis 
that IL-12-driven Thl responses would exacerbate cardiac 
allograft rejection. 

IL-12 mediates its biologic effects by interacting with a 
high-aflinity receptor, which consists of at least two cloned 
components. IL-12Rpi and IL.12RP2 U7-191 I1^12R01 in- 
teracts with the p40 subunit of IL-12, whereas the p35 sub- 
unit of IL-12 is beUeved to bind to IL-12R^2 (19,201 Em- 
phasis has been placed on the necessity for IL-12R^2 in IL-12 
signaling (21, 22), However, by utilizing IL-12Rpi knockout 
mice (IL-12RP1''"), Wu et al (23) recently reported that the 
pi subunit of IL-12R is essential for IL-12-driven prolifera- 
tion and IFN-7 production by mitogen-activated blasts, nat- 
ural killer cell lytic activity, and IFN-y production in re- 
sponse to endotoxin. We have reported that the p40 subunit 
of IL-12 stimulates alloreactive CD8+ Thl development both 
in vitro (24) and in \*ivo (15), These observations suggest that 

♦ Abbre\'iations: Con A, cpncanavalin A; EUSA, enzyme-linked 
immunosorbent assay; GVHD, graft-versus-host disease; H&E, he- 
matoxylin and eosin; IFN-y. interferon-r. lU interieukin IL 
12R01"'". mice deficient in pi subunit of IL-12 receptor. mAb, mono- 
clonal antibody; MLC, mixed lymphocyte culture; WT, wild-type. 
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IL-l2R/il may be needed for alloreactivo Thl development, 
and that signaling through IL-12R/31 may be sumdent to 
mediate IL-I2'.s biologic activity on CD8+ T cells. Hence, the 
present study employed IL-l2Rfjl mice to determine 
whether pi subunit of IL-12R is re(iuired for IL-12-induced 
alloantigen-si>ecific immune responses. To our knowledge, 
this study is the first to investigate the efiecU of IL-12 
treatment on alloreactive Thl development in vivo and to 
establish a mandator)- role for IL-12R/31 in IL-12-driven al- 
loimmune retj|)onses. 

MATERIALS .\ND METHODS 

Mice. Wild-type (WT) C57BU6 and BALB/c mice between 6 and 
12 weeks of ago were obtained from C'harles River Laboratories 
(Raleigh. NO. (^neration of C57BL/6 lL-12R0r' mice has been 
described previously (231 These mice were generated on the 129/Sv 
background and back^rossed to C57BL/»> mice for five generations, 
then intercrossed to generate homozygotes. 

Medium. The culture medium used in these studies was Dulbec- 
co's minimum essential medium supplemented with 1.6 mM L-glu- 
tamine, 0.27 mM L-asparagine, 1.4 mM L-arginine HCI. 1 4 folic 
acid. 10 mM HEPES buffer. 1.0 mM sodium pyruvate, 100 units/ml 
penicillin/streptomycin. 2% fetal calf serum fall obtained from Life 
Technologies, Cfrand Island. NY), and 5> lO''* M 2-mercaptoethanol 
(Sigma Chemical. St Louis, MO). 

MUogen-driven cytokine production. To investigate the require- 
ment for the pi subimit of IL-12R in mitogen-stimulated IL-IO and 
IFN-y production, splenocytes (2X10^ cells/ml) isolated from naive 
WT or IL-12Rf(l"'~ C57BL/6 mice were incubated for 72 hr with 1 
Mg/ml concanavalin A (Con A) (Sigma Chemical). Cultures were 
supplemented with 1 ng/ml murine recombinant IH2 (rIL-12) 
(kindly provided by Dr. Maurice Gately, Hoffmann-La Roche Inc.) to 
assess the effect of exogenous [L-12 on Con A-stimulated cytokine 
production by splenocytes of WT and I L-12RP1 -deficient mice. Re- 
sulting supematants were harvested at 72 hr, and the concentra- 
tions of IL-IO and IFN-y measured by enzyme-linked immunosor- 
bent assay (ELISA). 

In vitro alloirnmune responses. To assess alloantigen-specific Thl 
development, splenocytes tl>:iO* a lls/ml) isolated from naive WT or 
IL-12R/31"'' C57BL/6 mice were incubated for 5 days with irradi- 
ated (5000 rads) BALB/c splenocytes (I -ilO* cells/ml). Where indi- 
cated. 1 ng/ml of murine rIL-12 was added to primary mixed lym- 
* phocyte cultures iMIiC) to ass*>ss the elTect of exogenous IL-12 on 
alloantigen drivcn Thl function and to evaluate whether Thl from 
IL-12R^l-deficient mice were responsive to IL-12 stimulation. The 
concentration of rIL-12.wa3 selected fh)m dose-response experiments 
in which the amount of rIL-12 needed for maximal enhancement of 
alloantigen-specific proliferation was 5-10 ng/ml (data not shown). 
Resulting cell populations were han'ested, washed three times, and 
restimulated (at IxlO* cells/ml) with irradiated BALB/c stimulator 
cells (IX 10* cells/ml). MLC supernatants were collected alter 24 hr 
(IL-4 and IL-10> or 72 hr (IFN-y), and c>-tokine concentrations mea- 
sured by ELISA 

In addition, splenoc>'te proliferative response to alloantigens was 
determined in *:ultures either left unmodified or supplemented with 
1 ng/ml murine rIL-12. WT or IL-12R/31"'" C57BL/6 splenocytes 
(1X10* cells/ml) were stimulated for 5 days with irradiated BALB/c 
splenocytes IKIO* cells/ml) in 96-well U-bottora plates (Becton 
Dickinson, Lincoln Park, NY) m a final volume of 200 fil tdone in 
quadruplicate). Cultures were pulsed with 0.5 ^CiAvell (methyl- 
^HJthymidine (ICN, Costa Mesa, CA) for the final 8 hr of the incu- 
bation period. Imethyl-'HjThymidine incorporation was assessed on 
a Wallac 1205 Betaplate scintillation counter (Wallac, Turku, Fin- 
land). 

Heterotopic cardiac transplantation. Intact BALB/c (H2**) hearts 
were anastomosed to the great vessels in the abdomens of WT or 



IL r2Rfir" C57BL^6(H2'') mice as described by Corryetal. (25). . 
this model, the transplanted heart is perfused with the recipiem*, 
blood and resumes contractions until acutely rejected, which occurs 
in unnuKlificd WT recipients of this strain combinatiuti in approti. 
mately 8-9 days 1/5, 24". Graft function was evaluated by daily 
abdominal palpation. Myocyte damage and intensity of graft-iofy. 
Irating cells were assessed by routine hematoxylin and eosin (H4E) 
staining of paraflin-embedded sections of transplanted allografts. 

Experimental groups. Cardiac allograft recipients were divided 
into four groups: (1) recipients injected intraperitoneal ly with 1 mgof 
anti-CD8 mon<tclonal antibody ImAb) «hybridoma 2.43. purified by 
Montana ImraunoTech Inc., Bozeman. MT) on days -2 and -i 
before transplantation, (2) animals given daily intraperitoneal injec- 
tions of murine rlL-:12 tO.l or 1,0 ^ig) on days 1-6 after transpian- 
tation, (3) recipients injected with a combination of 2.43 anti-CD8 
mAb plus rlL-ri, and (4) unmodified (no treatment) mice, which 
serx'ed as controls. Depletion of CD8+ cells (<2'>t) was verified by 
flow cytometr>' using anti-CD8:fluorescein isothiocyanate antibody 
(PharMingen). 

In vivo alloirnmune responses. To monitor in vivo Thl develop, 
mcnt, splenocytes (1 :< 10* cells/ml) obtained from allograft recipienta 
were restimulated with irradiated BALB/c stimulator cells (1> 10" 
cells/ml), and the concentration of IFN-y was measured by ELISA. 
As an additional measure of the in vivo activity of IL-12 on IFN-y 
production, sera IFN-y concentrations in WT and IL-12Rpl''~ car- 
diac allograft recipients were measured by ELISA. Further, to assess 
the effect of 1 1-.- 12 treatment on B cell function, sera alloantitody 
(IgM. IgGl. and IgG2a) levels were determined (see below). 

Cytokine EUSA. Experimental samples (100 /d) were added in 
triplicate to plates cOated with 5 ^g^ml rat anti-mouse IFN-y, IL-4, or 
IL-IO capture antibctdies (PharMingen). Standards were employed 
by preparing 2-fold dilutions of murine recombinant IFN-y, IL-4, and . 
IL-IO (PharMingen), with a starting concentration of 25, 2,5, and 10 
ng/ml. respectively. After a 1-hr incubation at room temperature, 
plates were wiished three times with 0.05% Tween 20 in PBS. One 
hundred microliters of rat anti-mouse secondary biotinylated anti- 
bodies (1 fig/m\) (PharMingen) was then added, and plates were 
incubated at rcom temperature for 45 min. Plates were then washed 
three times wtth 0.05% Tween 20 in PBS, and 100 ml of avidin- 
peroxidase (Sigma Chemicals) was added. After a 30-min incubation 
at room tempt-rature. plates were washed three times with 0.05% 
Tween 20 in PUS. and 100 ml of 2.2'-azino.bis(3-ethylbenztiuazoline- 
6-sutfonic acid I substrate (Sigma Chemical) was then added to each 
well. After 20 min, absorbance was determined at 405 nm by an EL 
800 microplate reader (Bio-Tek Instruments, Winooski. VT). Sample 
cytokine concentrations were calculated from a standard curve The 
sensitivity of this assay is approximately 300 pg/ml for IFN-y. 100 
pg/ml for IL-4. and 150 pg/ml for IL-IO. 

Sera alloantibody determination. P815 cells (H2**) were stained 
for flow cytometric analysis using dilutions of sera (1:50) obtained 
from cardiac allograft recipients as the primary antibody, followed by 
fluorescein isothiocVanate-conjugated isotype-spccific anti-mouse 
IgM, IgGl, and IgG2a secondary antibodies (The Binding Site. San 
Diego. CA). Data are reported as the mean channel fluorescence 
determined on a Bectoh Dickinson FACScan, 

Statistics. Statistical analyses in this study were done using a 
Student's t test performed by the program StatView 4.1. 

RESULTS 

Requirement for IL'12RQ1 in T Cell Responses in Vitro 
Enhancement of milage n-driven IFN-y and IL-IO produc- 
tion by IL-12 requires IL-12RfiL ILrl2 stimulates concomi- 
tant prwiuction of ILrlO and IFN-y by activated T cells (J5. 
26. 27). To deter^nine whether pi subunit of IL-12R is re- 
quired for production of these cytokines, C57BIV6 spleno- 
cytes isolated AVT or IL-12Rpi -deficient mice were stimu- 
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lated with Con A for 72 hr. and supernatant cytokine 
concentrations were determined by ELISA. Production of the 
Thl cytokine IFN-yby Con A-stimulated splenocytes isolated 
from 1L-12RP1*'" mice was readily detectable (Fig. lA), al- 
though concentrations were lower than that seen in WT 
controls (IL.12RP1-' =1-03 ng^ml vs. WT=5.24 ng/ml). Ad- 
dition of exogenous rIL-12 significantly enhanced IFN-y pro- 
duction by mitogen-stimulated splenocytes obtained from 
WT mice (15.79 ng/ml). In contrast, IFN-y production by 
splenocytes from IL-12Rpr'' mice was not altered after the 
addition of rIL-12 (1.54 ng/ml), 
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TheYequirement for IL-l2Rpi in IL-12-driven lL-10 pro- 
duction also was assessed. Splenocytes isolated from IL- 
12Rpl-dericient mice produced similar levels of IL-10 upon 
Con A stimulation when compared to WT cells (Fig. IB). 
rIL-12 enhanced Con A-stimulated IL-10 production by WT 
splenocytes (2.70 ng/ml vs. 5.65 ng/ml). However, the ^1 
subunit of IL-12R was required for this response, as lL-12 did 
not affect IL-10 secretion by mitogen-stimulated IL- 
12R01"'" splenocytes. 

In vitro alloreactive T helper cell development. To evaluate 
the requirement for IL-12R01 in IL-12-driven alloantigen- 
specific T cell development, naive splenocytes obtained from 
WT or IL-12Rpi~^' mice wiere incubated for 6 days with 
irradiated BALB/c spUno<;ytes in primary MLC, which were 
either left unmodified or supplemented with rIL-12. Result- 
ing cell populations were restimulated with irradiated 
BALB/c splenocytes in the absence of rIL-12. and in vitro 
IFN-Y, lL-4. and IL-10 production determined by EUSA 
(Table 1). Primed WT splenocytes secreted high levels of 
IFN-Y upon r«stimulation with alloantigens. Splenocytes ob- 
tained from IL-12RP1"'" mice secreted IFN-y upon restimu- 
lation with alloantigens, albeit to a lesser degree than WT 
cells {WT=21.32 ng/ml vs. IL-12Ri31~'~=5.72 ng/ml). The 
decrease in alloantigen-stimulated IFN-y production in IL- 
12Rpl-dericient mice was not associated with a decrease in 
the cells' ability to proliferate in response to alloantigens 
(Fig. 2), in that (methyl-'*Hl thymidine incorporation by al- 
loantigen-stimulated IL-12RP1''* splenocytes was similar to 
that seen by WT cells (IL-12Rpi-'-= 13,385 cpm vs. 
WT= 11,441 cpm). In both groups. IL-4, IL-10 (Table 1). and 
IL-5 (data not shown) were not detected in cultures that were 
not supplemented with exogenous rIL-12. 

As shown in Table 1, exogenous rIL-12 markedly enhanced 
IFN-Y production by WT splenocytes in vitro (21 32 ng/ml vs. 
215.13 ng/ml), but failed to augment IFN-y secretion by cells 
obtained from 1L-12R/31 ' mice (5.72 ng/ml vs. 6.80 ng/ml). 
Likewise. rIL-12 significantly enhanced WT splenocyte pro- 
liferation in the MLC (Fig. 2). but did not alter the prolifer- 
ative ability of splenocytes isolated from lL-12Rpi-deficient 
mice. Finally, the addition of exogenous rIL-12 to cultures 



Table 1. IL-12 does not enhance alloantigen-specific Thl 
development in 1L-12R^1"'" mice in v-itro'* 



Unmodified IL-12 

PtCURE 1. Mitogen-driven c>*lokine production by splenocytes iso- 
lated from IL-12RP1"'" mice. Splenocjles (2xi(f cells/ml) obtained 
from WT or IL-12R01 ' * C57BU6 mice were stimulated in Wtro with 
I Mg/ml Con A. Cultures were either left untreated or supplemented 
with murine rIL-12 U ng/mi!'. Supernatants were collected after 72 
k and the concentrations of IFN-y (A) and IL-10 (B) were deter- 
mined by ELISA. Resulte are expressed as the mean cytokine con- 
centration in triplicate samples * SB. DaU are represeotetive of 
^ separate experiments. In panel A. *. P<0.05 (WT unmodified 
IL12R01-'" umnodified)» •**. P<0.O0S (WT unmodified vs. WT 
*Ll2-treated). In panel B. *, P<0.05 (WT unmodified vs. WT IL-12- 
^ated). 
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ND 


WT 


21.32±<j.88 


ND 


1L-12RP1-'- 


5.72^:0,24** 


ND 


ND 


IH2U ng/ml) 






1.54*0.21 


WT 


2l5.ia±13.52*** 


ND 


lL-12R^i-'" 


6.80:t0.21 


ND 


ND 



« Splenoc>tes (1x10* cells/ml) obtained from WT or IL-12R31"'' 
C67BL/6 mice were incubated for 5 days with irradiated allogeneic 
splenoc>tes (IxlO* ceUs/ml) in unmodified MLC or MLC supple- 
mented with murine rIL-12 11 ng/ml). ResulUng cell populations 
were harvested and restimulat^ with alloantigens for c>*tolune de- 
termination. Supernatants concentrations of !FN-y (72 hr). IL.4 (24 
hr), and IL-10 (24 hr) were measured by ELISA. Results are ex- 
pressed aa the cytokine concentration in triplicate samples (mean ± 
SD). Data are representative of four separate experimenU. ND in- 
dicates not detectable. ♦*,F<0;01, WT unmodified vs. lL.12R0r/- 
unmodified; ***, P<0.005. WT unmodified vs. WT lL-12-treated. 




U$6 



E 
a 

u 



c 
o 

o 
cu 
u 
o 

c 



e 



E 

Ji 
H 



50000 



40000- 



30000 



20000- 



10000 



TRANSPLANTATION 



20 



1 



Vol. 67. Xo J J ! June 15, 



0 IL-12Rftl-/- 





Unmodified 



IL-12 



Figure 2. The 01 subunit of IL-12 receptor is required for IL-12- 
induced stimulation of alloantigen-specific splenocyte proliferation. 
C57BL/6 splenocytcs (ixlO^ cells/ml) were stimulated writh irradi- 
ated aUogeneic BALB/c splenocytes (1x10* cells/ml) in 96-well mi- 
crotiter plates for 5 days. Cultures were pulsed with 0.5 liCi/weW 
(methyl-^HJthymidine for the final 8 hr of the incubation period, and 
thymidine incorporation was determined by liquid scintillation spec- 
trophotometry. Results are expressed as the mean cpm in quadru- 
plicate samples t SD. Data are representative of three separate 
experiments. *. P<0.05 (WT unmodified vs. \VT IL-12-treated). 

stimulated the secretion of IL-10 by alloantigen-stimulated 
WT splenocytes. but not IL-12Rpi~'- cells (Table 1). Collec- 
tively, these data indicate that the pi subunit of ILrl2R is 
required for the enhancement of several in vitro alloimmune 
responses by exogenous rIL-12, including increased alloanti- 
gen-stimulated T cell proliferation, and IFN-y and IL-10 
production. 

Effects of Exogenous IL-12 on Alloimmune Responses 
in Vivo 

Enhancement of serum IFN-y by IL-12 treatment. To mon- 
itor the in situ effects of IL-12 treatment on IFN-y production 
in cardiac allograft recipients, serum IFN-7 concentrations 
were measured on day 7 after transplantation (Fig. 3). In 
both WT and IL-12Rpi ' allograft recipients, serum IFN-y 
was undetectable by ELISA on day 7 after transplantation. 
Treatment of WT recipients with rIL-12 markedly increased 
serum IFN-y in three independent experiments; however, 
this treatment regimen had little effect on the concentration 
of serum IFN-y in IL-12Rpi"'~ allograft recipients. 

Effects of IL-12 on alloantigen'Specific Thl development in 
vivo. Splenocytes obtained from cardiac allograft recipients 
were restiroulated in vitro wi^ donor alloantigens and su- 
pernatant concentrations of IFN-y were determined by 
ELISA, This assay detects in vivo primed Thl, in that spleno- 
cytes from naive, nontransplanted mice produce minimal or 
undetectable levels of IFN-y under these conditions (75, 16, 
24). Restimulation of splenocytes from unmodified IL- 
12Rpi~'~ allograft recipients with donor alloantigens re- 
sulted in the secretion of similar amounts of IFN-y compared 
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Treatment In Vivo - 

Figure 3. Treatment of WT, but not IL-12R/31~' * allograft recipi- 
ents with rIL-l2 markedly increases serum IFN-y. WT or IL- 
12Rpl"'" C57Biy6 mice bearing BALB/c cardiac allografts were 
either left untreated or given daily intraperitoneal injectipns of 1.0 
tig of rlL-12 on days 1-6 after transplantation. On day 7, blood 
obtained from allograft recipients was pooled and serum collected 
after centrifugation. Serum IFN-y was determined by ELISA: Re- 
sults are expressed as the mean cytokine concentration in triplicate 
samples ± SD. Data are representative of three independent exper- 
iments, ND indicates not detectable. ***, P< 0.005 (WT IL-12-treated 
vs. IL.l2R^r-' IL-I2.treated). 



to that seen in WT recipients (IL-12R0i '" = 7.16 ng/ml vs. 
WT=6.24 n^ml) (Fig. 4). Treatment of WT recipients with 
ILr 12 resulted in a 10-fold: increase in.the production of IFN-y 
(59.05 ng/ml). In contrast. IFN-y production by splenocytes 
obtained from IL-12Rpi recipients treated with IL-12 in 
vivo was similar to untreated values (9.59 ng/ml), indicating 
that the pi subunit of IL-12R is required for lL-12-mcdiated 
enhancement of in vivo sensitization of IFN-y-produdng 
cells. Further, these results indicate that in vivo Thl devel- 
opment can occur in a state of IL-12 unresponsiveness. 

Effects of exogenous IL-12 on cardiac aUografi rejection. 
As IL-12 treatment markedly enhanced Thl responses in WT 
allograft recipients (Figs, 3 and 4), one might predict that 
IL-12 treatment would exacerbate allograft rejection. To test 
this possibility, cardiac allograft function was monitored by 
daily abdominal palpation in WT or IL-12Rpi"'~ allograft 
recipients bearing BALB/c hearts. Cardiac allograft recipi* 
ents were either left untreated or ii^ected once daily with 10 
Mg of rIL-12. Treatment of WT allograft recipients with this 
dose of rIL-12 (n=10) resulted in symptoms of cachexia in- 
cluding weight loss (mean decrease=2.0±0.7 g in 1 week), 
ruffed fur, hunched posture, and decreased activity. In con- 
trast, IL-12R^1"' allograft recipients exhibited no signs of 
IL-12-induced toxicity. 

The mean cardiac allograft survival in unmodified WT 
recipients was approximately 8 days (data not shovm; J5, 241 
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npi- ftciniE 4. Enhancement of in vivo sensitization of IFN-y-producing 

II- cella by IH2 requires IL-12Rpi. WT or Xh-lZR^l'^' C57BL/6 car- 

yere diac allograft recipients were either left untreated or iryected daily 

' 10 ^ with 1.0 fig of rILrl2 on days 1-6 after transplantation. To assess in 

lood vivo Thl development, splenocytes (IXIO® cells/ml) obtained from 

^cd cardiac allograft recipients were restimulated with irradiated 

Re- BALB/c splenocytes (1x10* cells/ml). Supematants were collected 

cate after 72 hr, and the concentration of IFN-y was determined by 

per- ELISA. Results are expressed as the mean concentration of IFN-y in 

ited triplicate samples ± SD. Data are represientatiye of three separate 
experiments. ***. P<Q.005 (WT unmodified vs. WT IL-12- treated). 



vs. Cardiac allografts in ILrl2Rj31"'~ recipients were rejected in 

/ith a similar fashion to that seen in IL-12-deficicnt mice U5\ in 

N-7 that grafts were uniformly rejected by day 7 (n=8). As ex- 

/tes pected, treatment of IL-12Rpi"'* allograft recipients with 

2 in rIL-12 had no effect on the tempo of allograft rejection (n=6). 

ting Interestingly, despite the overwhelming Thl response in- 

ited duced by rIL-12 in WT allograft recipients (Figs. 3 and 4), 

:ing treatment of these animals with rIL-12 did not appear to 

vel- accelerate the tempo of graft rejection when compared to 
grafts of untreated WT recipients on day 7 after transplan- 

ion. tatiori. For example, 7 of 10 (70%) allografts of WT recipienU 

WT treated with rIL-12 were still functioning on day 7. A histo- 

■Jiat logic evaluation of these grafts revealed similar parameters 

test of early rejection compared to unmodified WT recipients. 

1 by Specifically, histology was characterized by diffuse mononu- 

raft clear cell infiltrates, viable myocytes as evidenced by visible 

:ipi- nuclei, and relatively uninvolved vessels (Fig. 5). Hence, 

1 1.0 rIL-12 treatment did not accelerate the pathologic changes 

this associated with acute rejection. 

I io* Pkenotype of alloantigen-reactive Thl in WT allograft re- 

•ekl ctpiente treated with rIL'12. To determine the phenotype of 

con- Till responsive to exogenous rIL-12, WT cardiac recipients 

is of were depleted in vivo of CD8+ T cells (Fig. 6). Splenocytes 
obtained from CDS depleted cardiac allograft recipients pro- 

WT duced markedly less IFN-y upon in vitro restimulation with 
24)' : in-adiated donor splenocytes (WT unmodified=6,15 ng/ml vs. 



1 




Figure 5. Exogenous ILrl2 does not exacerbate cardiac allograft 
rejection. C57BL/6 WT recipienU of BALB/c cardiac allografts were 
either left untreated or iiyected intraperitoneally with murine rIL-12 
(1.0 ^) on days 1-6 after transplantation. On day 7. alli^afls were 
harvested for histologic evaluation. (A) H&E-stained section of allo- 
grafts from WT recipients left untreated (original magnification, 
X400). (B) H&E-stained section of allografts from WT recipients 
treated with rllrl2 (original magnification. X400). Note in both 
experimental groups moderate mononuclear cell infiltrates, and rel- 
ative health of myocytes jand vessels. These characteristics are asso- 
ciated with the early phase of acute rejection before onset of myocyte 
necrosis and vascular damage, which is observed on days 8 or 9 after 
transplantation. Results are representative of at least 10 individual 
transplants for each experimental group. 



WT anti-CD8 mAb-treated=0.52 ng/ml). Similarly. Thl that 
develop as a result of IL-12 stimulation in these experiments 
were predominantly CD8+ T cells (Fig. 6), as depletion of 
CDS cells resulted in a reduction in IFN-y production (\VT 
ILrl2-treated=36.89 lig/ml vs. WT IL-12 plus anti-CDS mAb- 
treated=2.75 ng/ml). 

IL'12 Treatment (1.0 yiglDay) Inhibits 
Alloantibody Responses 

Given our findings that treatment of WT cardiac allograft 
recipients with rIL-12 resulted in significant augmentation 
of serum IFN-y (Fig. 3) and in vivo priming of Thl (Fig. 4), 
one would predict thit IL-12 treatment should drive IgG2a 
alloantibody production. To test this possibility, sera alloan- 
tibody production wad assessed on day 7 after transplanta- 
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Figure 6. AJloantigen-specific Thl responding to exogenous rIL-12 
are CD8+ T celU. In these experiments, splenocytes were obtained 
from cardiac aUograft recipienU either \efi untreated or treated with 
anti-CD8 mAb, rlL-12, or a combinaUoii of anti-CDS mAb plus rlL- 
12. Thl function was assessed by IFN-y production after a 72-hr 
restimulation of recipient's splenocytes with irradiated BALB/c 
splenocytes. Results are expressed as the mean concentration of 
IFN-7 in triplicate samples i SD. DaU are representative of three 
separate experiments. ***. P<:0.005 (WT unmodified vs. WT anti- 
CDS mAb-treated; WT IL.12-treated vs. WT IL-12 plus anU-CD8 
mAb-treated). 

tion in WT cardiac allograa recipients either left unmodified 
or treated once daily with l.O /ig of rIL-12. In these experi- 
ments, sera IgG2a was undetectable in rIL-12-treated WT 
aUograft recipients at this time point (data not shown). Fur- 
ther, treatment of WT recipients with rILrl2 resulted in 
reduced sera IgM alloantibody in three independent experi- 
menU. compared to untreated WT recipients (Table 2). This 
observation indicates that high doses of rIL-12 inhibit, rather 
than enhance, alloantibody production in this model. In con- 
trast, treatment of IL-12R01"'* allograft recipients with 
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rIL-12 resulted in a slight increase in sera IgM compared to 
unmodified knockout recipients. 

Effects of Low-dose IL12 (0,1 iiglD<xy) on 
Alloantibody Responses 

The reduction in sera IgM in WT allograft recipienU after 
rILrI2 (1.0 ng/day) treatment (Table 2) niay have been 
caused by anti-proliferative or toxic effects on B cell function 
caused by rIL-12 and/or IFN-y. To test this possibility, WT 
cardiac allograft recipients were treated once daily with 0.1 
pig of rILrl2 and sera alloantibody levels were assessed on 
day 7 or 8 after transplantation. No alterations in the pathol- 
ogy of allograft rejection was observed in recipients treated 
with 0.1 Mg of rIL-12 compared to 1.0 Mg W^^a ^^t shown). 
Further, treatment of WT allograft recipients with 0.1 fig of 
rILrl2 resulted in significantly less IL-12-induced toxicity, 
serum IFN-7 concentrations in these animals were undetect- 
able by ELISA. and in vivo Thl sensitization was similar to 
untreated allograft recipients (data not shown). These re- 
sults suggested that the Cl-ptg dose of rIL-12 was ineffective 
in vivo. However, unlike the higher dose of rIL-12 (1.0 Mg). 
treatment of WT cardiac allograft recipients with 0,1 ftg of 
rILrl2 resulted in an increase in sera IgG2a, but notlgGl at 
both days 7 and 8 after transplantation (Table 3). Further, 
IL-12 treatment augmented sera IgM levels at both time 
points. 

DISCUSSION , 
Bioactive IL-12 exists as a p76 heterodimer composed of 
p35 and p40 subunits (25. 291 Each subunit of IL-12 inter- 
acts with a distinct component of the IL-12R; p40 binds to 
IL-12RP1 and p35 interacts with lL-l2Rp2 {19, 20)\ Both 
receptor subunits areiassociated with members of the Janus 
kinase family (50), and therefore may facilitate IL-12-medi- 
ated signal transduction. However, most of the attention has 
been given to IL-12Rp2. which associates with JAK2 {30\ For 
example, recent evidence supports a requirement for IL- 
12Rp2 expression in lL-12-induced phosphorylation of Stat4 
(2i, 22): Further, these studies revealed the importance of 
the 02 subunit of ILrl2R by demonstrating that the unre- 
sponsiveness of Th2 io lLrl2 in both human (22) and mouse 
(22) is a result of loss of IL-12Rp2 expression by these cells. 
These results indicate that the binding of the p40 subunit of 



Table 2. Hi gh-dose rlL-12 inhibits IgM production in vivo" 
Senun IgM ( mean channel fluorescence) 
Unmodified IL-12 TreaUnent 



Table 3. Low-dose rIL-l2 augments IgM and IgG2a production in 
vivo" 



WT 
Experiment 1 
Experiment 2 
Experiment 3 

IL.12Rpr'- 
Experiment I 
Experiment 2 
Experiment 3 



37.18 
33.97 
78-51 

17,36 
33.83 
21.67 



9.85 
11.39 
27.37 

31.52 
43.64 
35.96 





Mean channel fluorescence 




IgM 


I«G1 


IgG2a 


Experiment 1 (day 7) 




2-06 


2,58 


Unmodified 


11.90 


IL-12 


28.94 


2.67 


12.79 


Experiment 2 (day 8) 






16.31 


Unmodified 


31.54 


8.53 


IL.12 


46.57 


9.72 


49.00 



" Serum was obtained on day 7 after transplantation from WT or 
IL-12RP1''" cardiac allograft recipients. Animals were either left 
untreated or injected with 1 fig of rIL.12 once daily. Anti-BALB/c 
IgM was assessed by flow cytometr>' using P815 (H2^) target cells as 
described under Materials and Methods, DaU are reported as the 
mean channel fluorescence and represent three separate experi- 
ments for each group. 
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cardiac allograft recipients either left untreated or iAjected with 0.1 
fig of rIL-12 once daily- Isot\'pe-specific anti-BALB/c alloantibody 
was assessed by flow cytometry using P815 (H2**) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence. Mean channel fluorescence for isotypc 
controls were 1,65 (IgM). 1.67 (IgGl). and 1.57 (IgG2a); 
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lL-12 to IL-12Rj31 is not sufficient to mediate the bioactivity 
of heterodimer lLrl2, However, we have reported that p40 
promotes alloantigen-specific CD8+ Thl development in the 
absence of heterodimer IL-12 {151 This observation suggests 
that IL-12 p40 mediates its stimulatory effect through IL- 
12R^1 alone, or that IL-12Rpi associates with a yet uniden- 
tified component of 1L-12R on CD8+ T cells. These possibil- 
ities have not been tested. Additional data are emerging that 
support a biologic role of p40 interacting with ILrl2Rpi (7). 
Specifically. p35 knockout mice, which are capable of produc- 
ing p40 in levels similar to WT mice are less susceptible 
to infection with Listeria and Cryptococcus neoformas com- 
pared to p40 knockout mice. Hence, one goal of the current 
study was to assess the role of IL-12Rpi in alloimmune 
responses both in vitro and in vivo. 

IL-12 is a potent stimulator of in vitro alloantigen-specific 
Thl development, in that the addition of IL- 12 to MLC con- 
sisting of WT responder splenocytea resulted in a 10-fold or 
greater increase in IFN-y prod^^ction (Table 1; J5). Exoge- 
nous rlLrl2 also markedly augments in vitro Thl develop- 
ment in mice that are deficient in p35, p40 {i5) or both 
subunits of IL-12 (JR Piccotti and DK Bishop, unpublished 
observations), indicating that T cells of these mice are 
equipped with a functional ILrl2R. In contrast, IL-12 did not 
alter MLC IFN-y production b^ splenocytes of IL-12Rpl~^" 
mice (Table 1). This result illustrates the requirement of pi 
subunit of ILrl2R for ILrl2-driven Thl differentiation in 
vitro. It should be noted that, although IFN-y production by 
1L-12RP1"'* splenocytes in MLC was reduced compared to 
WT values (Table 1), this cytokine was readily detectable by 
ELISA, suggesting that ILrl2 is not an absolute requirement 
for in vitro Thl responses. 

IL-12 is also a key cytokine involved in promoting cell- 
mediated immune responses in vivo (i, 2). However, what 
role IL-12 plays in transplant rejection remains unclear. It 
has been reported that IL-12 has a central role in the pro- 
gression of acute graft-versus-httst disease (GVHD) in mice 
{6,321 In these studies, neutralizing IL-12 with a polyclonal 
anti-IL-12 antibody results in the amelioration of acute 
GVHD (32) and, conversely, treatment with exogenous IL-12 
converts chronic GVHD inte exacerbated acute GVHD (6, 52). 
Further. Williamson et al. (33) have reported that neutraliz- 
ing IL-12 during the inductive phase of GVHD resulte in a 
Thl to Th2 shift evidenced by a reduction in IFN-y and 
enhancement of IL-6 and IL-10 production by Con A-stimu- 
latcd splenoc>tes. In contrast to these findings, neutralizing 
IL-12 in mouse vascularized cardiac allograft recipients pro- 
motes intragraft Th2 cytokine (IL-4 and IL-10) gene expres- 
sion; however, these griafts are rejected in an accelerated 
fashion compared to untreated recipients U€\ Importantly, 
in vivo Thl priming is not inhibited by IL-12 neutralization, 
indicating that Thl development can occur independent of 
IL-12 (76). This possibility is further supported by the obser- 
vation that splenocytes of IL-12Rfll "'~ allograft recipients 
produce similar concentrations of IFN-y upon restimulation 
*ith donor splenocytes compared to WT recipients (Fig. 4V It 
<loea not appear that Thl development in IL-12Rpi~'" mice 
is a result of the interaction of endogenous ILrl2 with the 
low-aflinity IL-12RP2, as treatment of these animals with 
rfL-12 did not augment in vivo priming of IFN-y-producing 
cells (Figs. 3 and 4). 



. A second hypothesis tested in the current study was treat- 
ment of cardiac allograft recipients with IL-12 would accel- 
erate the rejection process as a result of exacerbated Thl- 
driven immime responses. Administration of exogenous 
rIL-12 significantly augmented in vivo sensitization of IFN- 
y-producing celb in WT cardiac allograft recipiente, as evi- . 
denced by increased sera IFN-y (Fig. 3) and enhanced pro- 
duction of IFN-y by splenocytes after restimulation with 
donor alloantigens in vitro (Fig. 4). However, this fulminate 
Thl response in vivo did not result in anticipated accelera- 
tion of graft rejection when compared to untreated control 
recipients (Fig. 5). It is possible that induction of high sys- 
temic levels of IFN-y results in an inhibition of immune 
response as a result of IFN-fs anti-proliferative properties 
on effector cell development {34). However, graft survival 
was not prolonged after rIL-12 treatment in the current 
study. This observation questions the overall importance of 
Thl responses in this experimental model, and suggests that 
the magnitude of Thl-driven alloimmune response may not 
correlate directly to the severity of graft rejection. Indeed, 
Th2-driven immune responses are emerging as potential ef- 
fector cells of rejection in both human and experimental 
transplantation (reviewed in 35). 

Finally, we examined the influence of rILrl2 administra- 
tion on allospecific B cell function. In an experimental system 
in which PVG.RTl" congenic rats were immimized with an 
isolated alloantigen, Gracie et al. {36) reported that treat- 
ment with muriiie rILrl2 (1.0 ^g/day for 5 days) after allo- 
immunization augments levels of allospecific IgG2b and 
IgG2c, while decreasing IgGl. The authors demonstrated 
that co-administration of neutralizing anti-lFN-y mAb abro- 
gated this response, indicating that the enhancement of B 
cell function by IL- 12 was dependent on IFN-y. When ad- 
justed for body weight, this dose of rIL-12 in the rat is 
comparable to our 0. l-/xg dose in the mouse. In the current 
study, treatment of WT cardiac allograft recipients with 0.1 
/ig of rlL-12/day for 6 days increased the level of sera IgG2a 
compared to untreated recipients on day 7 and 8 after trans- 
plantation (Table 3). However, administration of 1.0 pig of 
rIL-12/day reduced allospecific B cell function, indicated by a 
decrease in sera IgM (Table 2) and absence of isotype switeh 
to IgG2a. These observations suggest a biphasic response to 
ILrl2 treatment in WT mouse cardiac allograft recipiente 
likely dependent on the concentration of IFN-y. 

In summary, this study illustrates that the fil subunit of 
mouse IL-12R is critical for IL-12-driven alloimmune re- 
sponses both in vitro and in vivo, and that ILrl2Rp2 alone 
does not transduce IL-12 signaling. These observations are 
supported by recent reports, which have shown that humans 
deficient in IL-12R^i exhibit severe impairment in their 
resistance to infections as a result of intracellular pathogens 
(37, 38), The generation of mice deficient in IL-12Rp2 will 
provide an important-animal model to evaluate whether pi 
subunit of IL-12R alone conveys IL-12 responsiveness in 
vivo. Specifically, these mice would be useful in determining 
the mechanism by which p40 subunit of ILrl2 enhances 
CD8+ Thl development (i5, 16), Finally, this study ques- 
tions the importance of Thl-driven alloimmune responses in 
cardiac allograft rejection, as exacerbated Thl responses in- 
duced by IL-12 failed to accelerate graft rejection in this 
model. 
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ABSTRACT 

The mixed lymphocyte culture (MLQ is an established clinical 
method for bone marrow traruplantatioa as it serves as an in vitro 
model for allogenic reaction and transplantation. We previously showed 
that cytokine release into the supernatant is a more specific and sensi- 
tive parameter for cross-reactivity in the MLC than the common mea- 
surement of cell proliferation. Hierefore we tried to find an inhibitor of 
the MLC in vitro with the least side effects in vivo, measuring inter- 
feron (IFN)-y as one of the most important cytokines in posttransplant 
medicine. Earlier studies showed tiut zinc is an important trace ele- 
ment for immune function with both stimulatory and inhibitory effects 
on immune cells. We found that slightly elevated zinc concentrations 
(three to four times the physiological level), which do not deaease 
T-ceil proliferaticHi in vitro nor produce immxmosuppressive effects in 
vivo, suppress alloreactivity in the mixed lymphocyte culture. In this 
report we analyzed the mechanism whereby zinc influences the MLC 
to possibly find a nontoxic way of immtmosuppressioa: 

Index Entries: Mixed lymphocyte culture (MLC); mixed lym- 
phocyte reaction (MLR); trace elements; zinc. 

iNTRODGCTION 

The mixed lymphocyte culture (MLC) is a well-established and im- 
portant tool for determination of compatibility between host and donor 
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in transplantation medicine, as it serves as an in vitro model for allogenic 
reaction (1,21 It is common to measure T-cell proliferation in the MLC, but 
it was recently shown that cytokines are more specific and sensitive pa- 
rameters for the prediction of a possible graft rejection, as they play a criti- 
cal role in the posttransplant response (3-5), The THl-cytokine interferon-y 
(IFN-Y) was identified as the most important factor within the cytokine 
cascade in the MLC (6h It is known to induce cytotoxic T-lymphocytes 
(CTL) (7) by enhancing the expression of both major histocompatibility 
complex (MHC) class I and MHC class II molecules (8). The IFN-y re- 
sponse xnainly depends on HLA-DR differences and it tfierefore well rep- 
resents reactivity between two individuals in the MLC (9), 

In transplantation medicine, cyclosporin A, FK506, and other sub- 
stances are used to prevent graft rejection. In vitro experiments revealed 
an inhibition of the MLC (10), but, unforhmately, all of these immuno- 
suppressants show a wide range of toxicities in vivo, such as nephro- 
toxicity, neurotoxicity and, probably, carcinogenicity (11-13). As we are 
beginning to understand the molecular mechanisms of cyclosporin A and 
FK506 function better and better, one of the major aims is to find similar 
substances with less toxicity. 

Zinc within the physiological range (12-16 jiM) is an important trace 
element for immune function (14). Zinc deficiency in vivo could be linked 
to various clinical symptoms sud\ as impaired immune response with re- 
gard to decrease in number, differentiation, and function of T-lymphcxrytes 
and natural killer (NK) cells as well as decreased activation of mono- 
cytes and phagocytosis by macrophages, resulting in a- high incidence of 
bacterial, viral and fungal infections. These symptoms, in 3\e most severe 
form shown in the hereditary disease acrodermatitis enteropathica caused 
by malabsorption of zinc, are completely reversible after adequate substi^ 
tution of zinc (15), On the other hand, high concentrations of zinc (about 
eight times the physiological level) led to cytotoxic effects with impair- 
ment of all T-cell functions, and inhibition of monokine induction by 
superantigens such as zinc is also important for the binding of some bac- 
terial superantigens to ttie P-chain of the MHC class 11 molecule (16,17), 
Optimal immune<ell function hence requires a well-balanced zinc level. 

In the following study, we investigated whether zinc is able to im- 
pair alloreactivity in the MLC at concentrations with- neither cytotoxic 
effects in vitro nor toxic side effects in vivo. 

MATERIALS AMD METHODS 

Preparation of Lymphocyte Cultures 

Peripheral blood mononuclear cells (PBMC) were isolated from buffy 
coats of healthy donors by density centrifugation over Ficoll-Hypaque 
(Biochrom, Berlin, Germany), washed twice with phosphate-buffered 
saline {?BS, Gibco, Berlin, Germany) and resuspended in RPMI-1640 
medium (Biochrom) supplemented with 10% heat-inactivated fetal calf 



Btotcgiaii Trece Element Research 



VoL 79, 2O01 



Zinc Inhibits 



'MLC 




17 



serum (FCS, low endotoxin, myoclone quality; Life Technologies, Eggen- 
stein, Germany), 2 nvM L-glutamine, 100 U/mL penicillin, and 100 jig/mL 
streptomycin (all obtained from Biochrom, Berlin, Germany). The cells 
were adjusted to a final concentration of 2 x 10^ cells/mL Equal volumes 
of cell suspensions of two donors were seeded in samples to a final vol- 
ume of 1 mL into pyrogen-free 24-well culhue plates (Falcon, Heidelberg, 
Germany). For controls, 1 mL of the adjusted cell suspension was cultured 
separately. The cultures were Incubated for 5 d at 3TC in a 5% humidi- 
fied COz atmosphere after addition of ttie appropriate amount of zinc. 

Zinc Preparations 

Zinc sulfate (Sigma, Deisenhofen, Germany) was dissolved in sterile 
water to achieve a zinc stock solution of 10 mM. This solution was fur- 
ther diluted in unsupplemented protein-free medium (PFM, Ultradoma, 
BioWhittaker) at a ratio of 1 to 2 and then sterile filtered. To achieve the 
final concentrations, PFM was used. The 2inc solution was added to 
the cultures in a volume of 10% of the final culture volume. 

Determination of CyU)klnes 

The culture supematants were harvested after 5 d and stored at -80'C 
The quantification of the cytokine release into the supernatant was per- 
formed by enzyme-lirUced immunosorbent assay (EUSA) technique (for 
IFN-y provided by Bender Med Systems, Vienna, Ausbria). Results were 
measured in picograms per milliliter at 450 run using an ELISA plate 
reader (Anthos Labtec, Salzburg, Aiistria). 

Flow Cytometry 

Propidium iodide (PI) staining was performed by using a stock solu- 
tion of 1 mg/mL (PI, Sigma). Cells (1 x lO^/mL) were incubated with 
10 fiL of PI stock solution for 20-30 min to allow intercalation of PI in 
double-stranded DNA, Finally, PI staining was measured at a wavelength 
of 620 run in a flow cytometer (Coulter, Krefeld, Germany). 

Statistical Analysis 

The results are expressed as median values. The sigiuficance is taken 
by Student's f-test analysis. 

RESULTS 

Influence of Zinc on Mixed Lymphocyte Cultures 

We harvested the supematants of zinc-supplemented nuxed lympho- 
cyte cultures (MLC) on d 5, proven to be the maximum of the IFN-y secre 
tion (181 Analyzing IFN-y release in 20 MLC experiments supplemented 
with different concentrations of zinc, we foimd expected amounts of IFN- 
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Fig. 1. IFN-Y secretion in the MLC after zinc supplementation. Zinc con- 
centrations up to 1 mM were added to mixed lymphocyte cultures; controls 
remained unsupplemented. Secretion of IFN-y in the culture supematants was 
determined by EUSA after 5 d of culture. Median values of n - 20 experiments 
are expressed in picograms per milliliter. Significance was calculated by the Stu- 
dent's f-test (*p = 0.0017). 

Y (334 pg/mL) in the supernatant of control MLC without zinc addition, 
whereas increasing zinc concentrations led to a dose-dependent reduction 
of the IFN-Y level. At 60 \)M, the IFN-Y production was significantly dimin- 
ished (48 pg/mU p = 0.0017); at 500 yM, no IFN-Y was detectable (Fig. 1). 

In order to prove our hypothesis that this result— tiiat zinc concen- 
trations of 60 ^iM inhibit the MLC— was tt\e result of a specific effect in 
the MLC and not to a loss of T-cell vitality, we added zinc concentrations 
of up to 5 mM to PBMC and measured cell viability by flow cytometry 
after an incubation time of 48 h. Figure 2 shows that 93.2% of ttie cells 
are still vital after addition of 50 pM zinc and 92.3% with medium sup- 
plementation of 100 \jM zinc compared to controls without zinc addition 
with 91.3% viability. Zinc concentratior\s as high as 250 pM causes a 
reduction of cell survival of 33% (Fig. 2). 

For further analysis of possible mecharusms responsible for this inhi- 
bition, we preincubated PBMC with 50 pM zinc for 20 min and then co- 
culttu-ed these two populations in the MLC. The results reveal a marked 
influence of the point of time at which zinc is added to the culture: Prein- 
cubation of PBMC led to a greater reduction of IFN-y ^^an simultaneous 
zinc supplementation to the MLC (Fig. 3). 

DISCUSSION 

The human mixed lymphocyte culture (MLC) is an important method 
to test donor-recipient compatibilty in bone marrow trar\spIantation. It 
could be shown that cytokine release, especially IFN-Y, ? very good pre- 
dictive value witii regard to the transplantation outcome (3), as cytokines 
play a major role in the generation of an alloreactive immune response and 
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Fig. 2. Viability of PBMC after zinc supplementation. Zinc concentrations 
of up to 750 \iM were added to unstimulated PBMC; controls remained unsup- 
plemented. Cell viability was determined by flow cytometry after an incubation 
time of 48 h. One representative experiment is shown, values are expressed in 
percent of the total cell population. 
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Fig. 3. Effect of preincubation of PBMC with zinc Zinc in a concentration 
of 50 was added to the MLC simultaneously (MLC + Zn); PBMC was prein- 
cubated with 50 yM zinc for 20 min and then cocultured in a MLC (PBMC + Zn); 
controls remained unsupplemented. Medians of n = 10 experirhents are pre- 
sented. Significance was calculated by dne Student's Ntest {*p = O.Ol). 

for the induction of graft rejection in vivo (4^1 Taking this in vitro model, 
it has always been the aim to inhibit proliferation of immune cells in order 
to find a way to prevent graft rejection in transplantation medidne. Lan- 
dolfo et al. inhibited T-ceU reactivity by the addition of anti-IFN-y both in 
vitro and in vivo (19); others showed a reduced graft rejection rate by 
repeated injections of monoclonal anti-IFN-y antibodies in a skin-, heart-, or 
pancreas-tissue transplantatim situation (20-22), 
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In vivo substances like cyclosporin A or FK506 are broadly applied, 
as they are capable of prolonging graft survival. In vitro, they show an 
inhibitory effect on T-cell proliferation in the MLC (10). Yet, all of these 
therapeutical agents cause major side effects (e.g., nephrotoxicity, neuro- 
toxicity, and others), which lead to a limitation of their use (11-13). 

Zinc is an essential trace element with great influence on immune 
hmction. The physiological plasma level of zinc ranges from 12 tol6 ^iM. 
In our study, we applied zinc coi\centrations up to 100 \xM, which can be 
reached by pharmacological application of zinc in vivo without causing 
side effects (23), 

We found that zinc concentrations of 60 \iM, four times the physio- 
logical level, inhibit alloieactivity in the MLC. It is unlikely that the reduc- 
tion of IFN-Y is the i«sult of a loss of T-cell activity, as it could be shovm 
earlier that T-cells are still able to proliferate in medium supplemented 
with zinc concentrations as high as 100 \iM (241 Furthermore, we ana- 
lyzed the viability of the PBMC by flow cytometry, showing that a con- 
centration of 250 is required to reduce cell viability by 33% (Fig. 2). 

Increased zinc levels of over lOO \iM cause unstimulated human 
PBMC to release cytokines (25), This stimulatory effect of zinc is only seen 
in the presence of accessory cells, especially monocytes, as mostly IL-1 
proved to be an essential cosignal for T-cell activation by zinc. Higher con- 
centratioi\s of zinc impair all T-<:ell and monocyte function by inhibition of 
the IL-1 receptor type I-assodated protein kinase (IRAK), thus blocking the 
intracellular signal transduction pathway at a veiy early stage (24). 

In our study, we applied zinc in concentratioi\s that neither show 
cytotoxic effects nor reach stimulatory level. Therefore, there seems to be 
a specific effect of zinc on the responding T<ells in the MLC. 

The results of eariier studies proposed an oligoclorujil pattern of T-cell 
stimulation in the MLC similar to T-cell activation by superantigens f3). 
Furthermore, a highly altered vp repertoire of T<ells infiltrating long-term 
rejected kidney allografts were discribed (26), Superantigei\s bind directly 
and partially with high affinity to major histocompatibility complex (MHQ- 
dass II proteins, especially to HLA-DR. T-Cell activation is achieved by 
the formation of a complex of the Vp-chain of the T-cell receptor (TCR), 
the MHC molecule, and the superantigen. This binding is regulated by 
zinc, as zinc itself does not interact wim the MHC molecule directly (27), 
We previously showed that ttie HLA-DR and HLA-EXJ-molecules have 
the greatest influence on cytokine release in the MLC and thus on the out- 
come of a transplantation in vivo (9). 

TTiere are two main possible explaiutior\s for the ^phenomenon de- 
scribed. First, zinc in the applied concentration could saturate the MHC 
and, therefore, prevent a binding between TCR and MHC. In order to 
prove this hypothesis, we preincubated PBMC with zinc and then cocul- 
tured these populations. If an extracellular mechaiusm were achially 
respoi\sible for the irJiibition of the MLC, we would expect no significant 
difference in IFN-y secretion in either setting. Preincubation of PBMC 
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resulted in a markedly lower IFN-y secretion than the culture of two PBMC 
populations with simultaneous zinc supplementation to the MLC (Fig. 3), 
so that it seems more likely that zinc interferes with the intracellular sig- 
nal transduction in the MLC. Therefore, zinc may regulate the alloreactiv- 
ity of T<ells and might be an explartation for inaeased preterm delivery 
and abortion in zinc-deficient pregnant women (28,29), As mentioned ear- 
lier, higher concentratior\s of zinc are able to block the intracellular signal 
traitfduction pathway by inhibition of IRAK. We propose that ti\e stimu- 
lation of T-ceils by an HLA-different cell population can be blocked by zinc 
via specific inhibition of phosphorylation processes, leading to a diiiun- 
ished signal transduction in the cell. This results, among other things, in 
reduced secretion of cytokines, which should lead to less graft rejection in 
vivo. Various protein kinases such as cAMP- and cGMP-dependent protein 
kinases as well as protein tyrosine kinases are involved in zinc-induced 
ceU stimulation and zinc also influences gene expression of different im- 
munologically relevant transcription factors such as nudear factor (NF)-kB 
and metallothionein transcription factor (MTF-1) as well as others. Which 
alteration of signal transduction zinc exactly inhibits the MLC remair\s the 
subject of further investigatioiv Because the MLC is irUiibited by very low 
zinc corKentrations, this inhibitory effect seems to be a specific pathway. 

In conclusion, zinc could become an immunosuppressant in traixs^ 
plantation medicine without toxic side effects, which still leaves the 
immune system with the ability for phagocytosis. The infection rate will 
therefore be reduced compared to current inununosuppression. How- 
ever, this has yet to be proven in in vivo transplantation models. 
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(liffereni PTKs. Phosphorylation is a common mech- 
anism of regulaiing protein function; indeed, many of 
the PTKs must themselves be phosphoryiated before 
they can become active. Several important types of 
lymphocvic surface receptors (including membrane 
immunoglobulin and T cell receptor proteins) are 
physically linked to specific cytoplasmic PTK pro- 
teins, which become active when the receptor binds 
its target ligand. These receptor-associated PTKs, in 
turn, may then activate other types of PTKs through 
phosphorylation, so that almost immediately a host of 
different PTKs are recruited into the response. By 
phosphor\lating still other types of substrates, such 
as proteins that control cytoskeletal organization, ex- 
pression of specific genes, and entry into the ceil 
cycle, these newly activated PTKs appear to be cither 
directly or indirectly responsible for triggering all 
subsequent events in lymphocyte activation. At pres- 
ent, however, the functions of most individual PTKs 
are uncertain. 

One almost immediate effect of the PTK cascade is 
to activate the enzymatic breakdown of a specific 
class of phospholipids (called phosphatidyl i nasi - 
tides) within the cell. The products of this hydrolysis 
include 2 small organic molecules, diacylglycerol 
(DAG) and inositol 1,4^-trisphosphate (IPj), 
which are released into the cytoplasm and serve as 
second messengers to trigger additional changes in 
cellular physiology. Among the most notable 
changes is a rapid, marked increase in the concentra- 
tion of intracellular free caldum ions, which flood 
into the cytoso! from organellar storage pools and 
from the extracellular medium, reaching maximal 
concentrations within 1 minute after contact with the 
activating stimulus. Like PTK activation, these rapid 
calcium fluxes arc thought to be critical for initiating 
the subsequent events in activation. 

Within the first hour after stimulation, the rates of 
oxidative metabolism and of overall protein and 
RN A synthesis in the lymphocyte rise. The chromatin 
begins to dccondense as previously silent genes are 
transcribed and the cell prepares to undergo mitosis. 
After 2-4 hours, specific proteins that are thought to 
regulate cell proliferation, such as the product of the 
proio-oncogene c-myc^ become detectable in the nu- 
cleus. In parallel with these biochemical events, the 
morphology of the cell changes in a process known as 
blast transformation: its overall diameter increases 
to 15-30 ^m as both its nucleus and cytoplasmic en- 
large; the nuclear chromatin becomes loose and pale- 
stainitig; and the cell acquires a prominent nucleolus 
(reflecting a high rate of RNA synthesis). Within 8- 
12 hours, the changes are sufficiently marked that the 
cell can be recognized under the light microscope as 
a lymphoblast — a lymphocyte poised to begin mito- 
sis'. DNA synthesis takes place at around 18-24 hours 
after stimulation. The first cell division occurs 2^ 
hours later and. depending on the conditions, can he 
repeated or more times in succession, at intervals as 



brief as 6 hours. The effector cells produced as a re- 
sult of each division mature completely within a few 
days and express the immune functions typical of 
their lineage for .several days thereafter. 



REQUIREMENTS FOR ACTIVATION 
OF B OR T LYMPHOCYTES 

What are the stimuli that can lead to lymphocyte 
activation in vivo? Certainly, the most important arc 
the innumerable foreign antigens that are recognized 
and bound by membrane immunoglobulins or T cell 
receptor proteins. :A few types of antigens are in 
thcm,selvcs sufficient to activate B cells— these are 
usually highly polymeric proteins or polysaccharides 
that are able to interact simultaneously with many 
immunoglobulin proteins on the surface of a single 
cell. Such multivalent antigens act to cross-Unk the 
immunoglobulins to one another, so that eventually a 
great many immunoglobulins are gathered at one 
pole of the cell surface at the point of contact with 
antigen— a phenomenon known as capping (Fig 
2-9 A). This dense local aggregation of immunoglob- 
ulins, each of which is bound to antigen, transmits a 
very effective signal and is enough to trigger B cell 
activation. . 

Activation can also be induced under artificial con^ 
ditions by cross-linking other types of surface mole- 
cules (Table 2-4). Among the agents used for this 
purpose are certain lectins (sometimes called mito- 
gens), which can activate T and/or B cells by cross- 
linking surface glycoproteins. Similar results can be 
obtained by using multivalent antibody complexes to 
cross-link some T cell surface proteins (siich as CD3) 
that are able to transmit signals to the cytoplasm. Al- 
tematively, lymphocytes can be activated pharmaco- 
logically by being treated with agents that directly in- 



Table 2-4. Mitogens and other concfitions used to activate 
lymphocytes in vitro. 



Mitogen or Condition 


Speciftelty 


Lectins 




ConcanavalinA 


T cells 


He//ir pomaf/a lectin 


T cells 


Phytohemagglutinin 


T cells; few 8 cells 


Pokeweed mitogen 


T and B celts 


Wheat genm agglutinin 


Teens 


Afttflclal cro«8-llnWng of specrflc 
surface proteins 




Immunogtobufins 


B cells 


T cea surface markers (eg. C03) 


TceBs 


Pharmacologic agents 




Phortwl myristyl acetate plus cateium 
lonophore (eg. ionomycin) 


T and B cells 
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duce calcium fluxcN and olhcr imponani signalinfi 
evems, (hereby byjXLSsing ihc surface recepiors en- 
tirely. Such potent artindal a^nvMtors arc oUcn used 
in clinical testing to sludy lymph. x:yic rcspiinscs m 
vitro. 

The majority of antigens encountered in nature, 
however, are not polymeric and mi do not cross-link 
receptors. Even when many Ciipics of Nuch an antigen 
bind individual immunoglobulins on a B celK they 
generate only an incomplete signal, which fails to ac- 
tivate the cell. B cells can be acti\aied by tht^e more 
common antigens only if ihcy are xunultaneously 
stimulated by a neart>y activated helper T lympho- 
cyie. This stimulation may be delivered by 
limphokihes secreted from the T ec II, but is iransmit- 
led most cfficientl) through direct contact of the B 
cell with T cell surface proteins In either case, the 
helper-cell-derived proteins (which will be referred 
to in this book as helper factors* interact with non- 
immunoglobulin receptors on the B cell to generate a 
second signal. The combined effects uf the helper 
factors and the bound antigen then act synereisiieally 
to cause B cell activation. 

In a similar manner, T lymphiKyte responses to 
mo.st antigens also require 2 types of stimuli simulta- 
neously. The first is provided by the antigen, which, 
if appropriately displayed by MHC proteins on an an- 
tigen-prcseming cell/can be recognized and Nmnd 
by T cell receptors. When it binds an antigen-MHC 
complex, the T cell leceptor sends a signal to the cell 
interior, but this signal alone is usually not enough to 



cause actuation For helper T cells, full activation 
also requires conUol with other specific ligands, 
known as i-ostimulators, thai arc expressed on the 
surface ol the antigen-prcs^ niing cell. Activation of a 
cytotoxic T cell, ihe other hand, generally requires 
IL-2, a cvlokinc secreted by activated helper T cells. 

In summary, ii is important to recognize that acti- 
vation of a lymphocyte is evintrollcd not only by anti- 
gen bindim: but alsii by interactions with other cells 
(Fig 2-9Br. all T cells must cooperate with antigen- 
presenlini: cells, whereas B cells and cytotoxic T 
cells depend on helper T lymphocytes. These interac- 
tions either require direct surface-to-surface contact 
or arc mediated by tiighlx labile cytokines that act 
only over extremely short distances. Owing to this in- 
terdependence among cell types, lymphocyte activa- 
tion occurs most commonls and efficiemly in the sec- 
ondary hmphoid organs, where lymphocytes, 
antigens, and amigcn-presenting c^lls encounter one 
another at close quarters 



LYMPHOID ORGANS 

Lymphivvte^ are normally present in the blood at 
a concentration of approximately 2500 cells/mm' and 
so account for roughly one-third of all penphcral 
white bh>»Hl cells. Each individual lymphocyte, how- 
ever, .spends most of its life within solid tissues, en- 
tering the circulation only periodically to migrate 
from one resting place to another. Indeed, at any 
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Figure 13-8. Time-response curve tor antigen stinnula- 
tic^ oi lymphocytes. Responses o! peripheral blood 
lymptioc'/tes irom 15 nDrmal aduUs with delayed Iwper 
sensitivity to the antigen. Cells were cultured as de- 
scribed -n the legend to Fig 13-7. Antigen concentratton 
for all «::'jltures was 15 jig/mL. Maximal response occurred 
on davs 5-7 ol culture. Results a-e plotted as the mean ± 
1 SO. (or 15 individual determina'.ions. 



until the culture has been allowed to continue lor 5-7 
days. Fig 13-8 clearly illusirdles both the usefulness 
of and the necessity Ibr performing careful lime- and 
dosc-rcsponse kinetics in assessing human lympho- 
cvtc function. 



MIXED LYMPHOCYTE CULTURE 
& CELL-MEDIATED LYMPHOLYSIS 

Mixed lymphocyte culture (MLC) is a special case 
of antigen stimulation in which T lymphocytes rc- 
sptmd to (V>reign hislocompaiibiliiy antigen on uiire- 
latcd lymphocytes or monocytes. This test is per- 
fonncd as either a "one-way" or *'2-way" assay (Fig 
1 In the one-way MLC. the stimulating cells are 
treated with either irradiation (- 2000 R) or mitomy- 
cin to prevent DN A synthesis without killing the cell. 
The magnitude of the response is then entirely the re- 
sult of DN A synthesis in the nonirradiated or non-mi- 
tomycin-ircated cells. In the 2-way MLC, cells from 
both individuals arc mutually stimulating and re- 
sponding. DNA synthesis represents the net respimsc 
of bt)th sets of cells, and the individual contributions 
cannot be discerned. The culture conditions, time ol 
cxpo.'iurc. 'H-Tdr pulse labeling, and harNCSting pro- 
cedures are usually identical to those for antigen stimu- 
lation. Controls iiiclude cwulturc of syngeneic irradi- 
ated and nonirradiated pairs and ctKulture ol 
alloceneic irradiated pairs. The first control provides 
baseline DNA svnthesis. and the second ensures ado- 
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l(-i.ai'ed thyfTiidine. (Reproduced witi permission. Irom 
Bi^ 'h PH Van Rood JJ: Trc- ir.aior histocoinpaf bimy conv 
pu?x. Genetics aid biology. N Engl J Mea 1976.295:806. 
872). - 



quale inaciivation by irradiation (or mitomycin i of 
the .stimulator cells, . 

In the use of MLC as a test for T cell function, dil- 
I'lcuities in quantitation often arise owing to variations 
in stimulator cell antigens that determine the degree 
of genetic disparity between stimulator and responder 
cells To overcome this difficuUv and produce a more 
.standardized test, fro/en aliquots of viable pooled 
human allogeneic cells have been employed as stim- 
ulator cells. ; 

The stimulating antigens on human cells are class I 
MHC molecules encoded by the HLA-D Ukus (see 
Chapter,*)). Responding cells are primarily T lympho- 
cvies with obligate macrophage cooi>eration. B cells 
can also res[H)nd in MLC, since a marked incrcase m 
immunoglobulin synthesis can be detected. MLC 
may be used as a hi.sttH:ompatibility as.say (see Chap- 
ter 16) and 41S a test for immumxvmpetencc of T 
cells, particularly in immunodenciency disorders 
(see Chapters 20 and 21). 

Cell-mediated lympholysis (CML) is an extension 
4»f the MLC technique in which cytotoxic effector 
cells generated during MLC are detected (Fig 13-*^). 
This test involves an initial one-way MLC culture 
followed bv cxposurc of stimulated cells to -'Cr- 
labeled target cells specifically lysed by .sensitized 
killer Ivmphtx vtes. These target cells are HLA-iden- 
tical to the stimulator cells iii MIX Cytotoxicity is 
me;Lsured as the percentage of *'Cr released in spe- 
cific target :cells compared with the percentage ot 
*'Cr released from control (nonspecific I target cells. 
Several lines of evidence indicate that cells which 
proliferate in MLC and killer cells which participate 



n 




• CNU assav arc nol identical. Killer cells are gener- 
I'ted thai have specificity for class I MHC antigens on 
wmet cells, whereas in class 11 MHC antigen dilTer- 
enccs determine the reaction. CML assays provide an 
yjjiijonal measure oi l cell function and can be used 
to estimate presensitization and histocompatibility in 
clinical iransplanlatioh tsce also Chapter 



CLINICAL APPUCATION 
OFT & B CELL ASSAYS 

Coaming of T and B cells in peripheral blood arid 
iis.sue specimens has limited application in both the 
diagnosis and investigation of pathophysiologic 
mechanisms of many disease slates. Functional as- 
says are even more limited in value primarily to stud- 
ies of immune deficiency di.seases. Current applica- 
tions include the following. 

(1) Diagnosis and classificalion of immumHlefi- 
ciencv diseases (see Chapters 1 8-22 and 52). 

(2) Detenninalion of origin of malignant lympho- 
O'tcs in lymphocytic leukemia and lymphoma (see 
Chapter 45). 

(3) Hvalualionof immunocompclence and mecha- 
nisms of tissue damage in autoimmune disease, eg. 
systemic lupus erythematosus and rheumatoid arthri- 
tis (see Chapter 31). 

(4) Detection of changes in cellular immune com- 
petence in HIV and other infections that may be of 
progno.stic value (sec Chapter 52). 

(5) Monitoring of cellular changes following organ 
transplantation (see Chapter 57). 



NATURAL KILLER (NK) CELLS 

Natural killer (NK) cells can be enumerated by spe- 
cific monoclonal antibodies using methods identical 
to those for T and B cells (see Chapter 17), Several 
monoclonal antibodies are available that detect cither 
Fc reccpion; (CDI6) or specific differentiation anti- 
gens (CD56. CD57) present on these cells. Some NK 
cells also express antigens from the CD2 T cell fam- 
ily. Functional leisling is done by measuring the abil- 
ity of these nonimmune cells to kill special target cells 
such as erythroleukemia cell line K562. Cytotoxicity 
is usually performed by using the "Cr release assay, 
.similarly to cell-mediated lympholysis (Fig 13-9). 



MONOCYTE-MACROPHAGE ASSAYS 



The morphologic identification of normal periph- 
eral bUH>d moniKytes in stained peripheral hliKKl 



films ordinarily is quite simple Monocytes are larger 
than granulocytes and most lymphocytes. They typi- 
cally "have round or kidney-shaped nuclei wiih line, 
lightly stained granules. However, in suspensit)n or 
even in tissue or bKnuJ specimens, additional markers 
may be required lodilTereniiate monocytes from lym- 
phocytes and primitive myeloid cells. 

A reliable .stain for montK'ylcs is .so-called nonspe- 
cific esterase, or (jt-naphihol esterase, which is pres- 
ent in monocytes but absent in most myeloid and 
lymphocytic eel Is i Monoclonal antibodies directed at 
.specific differentialion antigens such as CD 1 4 are 
available. , 

Functional attrihutesofmoniKytes are discussed in 
detail in Chapter I. In the clinical laborator>. phago- 
cytosis of particles or antibody-coated heat-killcd mi- 
cnwrganisms is useful for functional identification of 
monocytes. 



NEUTROPHIL FUNCTION 



Polymorphonuclear neutrophils (PMN) are bone 
marrow-derived leukocytes uith a finite life span, 
which play a central role in defense of the host 
against infection. For many types of infections, the 
neutrophil plays the primary role as an effector or 
killer cell. However, in the bk>odsiream and extra vas- 
cular .spaces, ncutirophils e.\erl their antimicrobial ef- 
fects through a complex interaction with antibtHiy. 
complement, and chemoiactic factors. Thus, in as- 
sessing neutrophil functitm, one cannot view the cell 
as an independent entity; its essential dependence on 
other immune processes, both cellular and humoral, 
must be taken into account. 

Defcn:ts in neutrophil function can be cla.ssificd a.s 
quantitative or qualiiaiivc. In quantitative disorders, 
the total number of nonnally functioning neutrophils 
is reduced bcknv a critical level, allowing infection to 
ensue. Drug-induced and idiopathic ncutmpenia (see 
Chapter 33). with absolute circulating granulocyte 
counts of less than lOOO/^iU arc examples of this sort 
of defect. In these situations, granulocytes are func- 
tionally normal but are present in insufficient num- 
bers to maintain an adequate defense against infec- 
tion. In qualitative neutrophilic disorders, the total 
number of circulaling PMN is cither normal or some- 
times actually elevated, but the cells fail to exert their 
normal microbici(ial functions. Chronic granuloma- 
tous disease is an example of this type of disorder 
(sec Chapter 22), In patients u ith chronic granuloma- 
tous disease the normal or increased numbers of cir- 
culating neutrophils are unable to kill certain types of 
intracellular organisms. 

Phagocytosis by PMN can be divided into 5 dis- 
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CELLULAR ASSAYS 

FOR HISTOCOMPATIBILITY 

In vivo, recognition of nonself antigens and de- 
struction of celLs bearing such markers is accom- 
plished by cells of the immune system. Some of the 
clinically relevant class M HLA antigens (hut can (rig- 
ger the immune response are not readily de(ec(ed by 
the serologic methods discussed ab(»ve. Instead, lym- 
phocytes are used as discriminatory reagents for the 
HLA-Dw and -DP antigens and as indicators of 
histoincompatibility between donor and recipient. 
The func(ions of cellular recognition are utilized in 
the MLC HTC and primed lymphocyte typing 
(PLT) tests, and the dual functions of recognition and 
effector cell killing are used in the CML test. 

MLC Test (See Chapter 13) 

This is also known as the mixed- lymphocyte reac- 
tion (MLR). When the lymphocytes of 2 HLA-dispa- 
rate individuals are combined in tissue culture, the 
cells enlarge, synthesize DNA, and proliferate, 
whereas HLA -identical cells remain quiescent. The 
proliferation is driven primarily by differences in the 
class 11 HLA antigens between the 2 test cells. 

On the basis of MLC testing, class li antigens were 
originally described as a series of lymphocyte-acti- 
vating determinants, products of the HLA-"D" locus 
(-Dwl, -Dw2, etc). No D locus pnxlucts have ever 
been isolated, however, although several distinct **D 
region" loci (-DR, -DQ, and -DP) and their alleles 
have been identified. Dw "antigens*' are now consid- 
ered (0 be immunogenic epitopes formed by combi- 
nations of D region determinants that can be recog- 
nized by T cells. Distinct Dw types may represent 
unique haploiype combinations of various D region 
products. 

Reactivity in MLC probably reflects the initial im- 
mune recognition step of graft rejection in vivo. The 
more immunogenic the D locus difference, the 
greater the cellular response in MLC and the more 
likely the rejection of the graft. Normally, both cells 
will proliferate, forming the 2-way MLC. To monitor 
the response of a single responder cell (the one-way 
MLC), the partner cell (stimulator) is inactivated by 
radiation or drugs (such as mitomycin C) that inhibit 
DNA synthesis (Fig 16-4). A maximum proliferative 
response usually occurs after incubation at 37 °C for 
5-6 days. The culture is then pulsed with I-*H]thymid- 
ine for 5-12 hours to label the newly synthesized 
DNA. Finally, the cells are harvested, washed free of 
unbound radioactivity, and counted in a beta counter. 

A properly composed MLC test includes a check- 
erboard of one-way combinations of each cell serving 
as both stimulator and responder with all other cells. 
Each cell must be controlled for its abi1i(y to both 
stimulate and respond to HLA-mismatched cells. 
Normally, 2-4 unrelated control cells of known class 
II HLA type are tested individually w;ith each family 
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I'ols and less than 2\ over autologous (background) 
controls (Reproduced, with ^.-5'missiDM. frori Sach ph, 
Van Roal JJ: The rr^jor ncst<>::-mpai biliiy cctmple*:: «3e- 
retcs and biology. N Engl J Med 1976:295:806. 672.) 



member. The maximum response of each cell is ob- 
tained by exposure to a pt»oi of irradiated stimulator 
ce 1 1 s of di verse H LA typos. 

Autologous controls combining self with irradi- 
ated self are also nin to nomiulize the response of 
each cell to stimulators. Bach lest should be run in 
triplicate. It is absolutely necessary to perform the en- 
tire familial MLC at one time owing to the inherent 
variability of individual cellular responses from day 
today. 

Results are expressed as a stimulation index (SI) or 
relative response <RRk The SI is the ratio of counts 
per minute of the test over the autologous test for that 
cell: 



si = com of ^®®P**n^^'' vs Stimulatorj ifT«diaJled) 
Responder vs Responder < Irradiated) 



A value of SI < 2 i.s interpreted as HLA identity at 
HLA-D. The RR calculates the response in the etper- 
imenial MLC relative to the maximum response of 
that cell elicited by ihe potil, Cimnts per minute of 
both are corrected by subtraction of the autologous 
control t*or the responder cell. 
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MLC testing can be useful in selecting the most 
compalible (least stimulatory) organ donor if several 
nonidentical family members (matched for zero or 
one haplotype) are available. The donor who is the 
jcast stinfiulator\' to the patient is the preferred organ 
donor The restilts of an intrafamilial MLC can ad- 
dress such questions as ( I) Are 2 serologically identi- 
cal DR antigens also functionally identical? (2) Is the 
individual with only one identifiable DR antigen a 
homozygote. or is the DR "blank" really a second DR 
antigen that was missed in the .serologic testing? (3) 
Are the serologically assigned class II antigens con- 
sistent with the MLC results? If apparently HLA- 
identical individuals are reactive, there may have 
been a genetic recombination event. 

The MLC test is frequently used to confinn appar- 
ent HLA identity in the living-rclaied transplant situ- 
ation and is especially useful if haplotyping could not 
be accomplished. When the HLA-idcniical recipient 
and donor are unrelated, as in voluntary bone marrow 
donation, MLC testing is extremely important in re- 
vealing hidden class li incompatibilities that could 
affect recipient tolerance to the graft and promote 
graft-versus-host disease. 

HTC Test 

MLC nonrcactivity indicates HLA-Dw identity, 
and therefore the MLC test can be used \o type for 
specific Dw alleles. Since most individuals to be 
tested are heterozygous at the D region, it follows 
that the stimulator cell must be homozygous for a 
given Dw antigen to result in MLC nonresponsive- 
ness. Such HTCs have been identified in the random 
population, but the best source for HTCs is among the 
progeny of first-cousin marriages. True HTCs are 
rare arid precious reagents, and few laboratories can 
afford 10 maintain the large cell panel necessary for 
complete and accurate testing. 

The lymphocytes to be Dw typed are set up as re- 
spenders in multiple MLC tests, each test with a dif- 
ferent inactivated stimulator HTC. HTC testing can 
discriminate among the varioiis subtypes of serologi- 
cally identified DR antigens and thus can provide a 
finer definition of true class II HLA compatibility. 

PLTTest 

Lymphocytes already exposed (primed) to a spe- 
cific antigen in a primary MLC will proliferate rap- 
idly on reexposure to the same antigen. Thus, a 
primed cell can be u.sed to te.<u an unknown cell for 
the presence of the original stimulating antigen. With 
cells primed to class II HLA antigens, this assay can 
be used as an HLA typing test for D region antigens. 



As in HTC typing, an extensive panel of specifically 
primed cells must be maintained for PLT testing. 
PLT was used to type for DP antigens, but this 
method has been supplanted by molecular typing 
methods and is now only rarely used, 

CMLTest 

In primary MLC, exposure to non.self cla.ss I and 
class MHC II antigens can result in the generation of 
cytotoxic T lymphocytes (CTL). CTL kill their tar- 
gets through direct contact, probably by the release of 
toxic mediators that lead to cell lysis. CD4 and CD8 
CTL can be found infiUraiing kidney allografts dur- 
ing rejection and- are considered to be imponani ef- 
fector cells in graft loss (see Chapter 57). To test for 
the capacity to giineraie CTL. a primary MLC is run 
with the patient as the responder and prospective 
donor cells as inactivated stimulators. After the 
MLC, the patient's cells are harvested and then 
reexpo.sed in culture to fresh donor target cells that 
have been joaded with '"Cr (Fig 16-4), Usually, the 
targets are preincubated with the mitogen phytohc- 
magglutinin (PHA) for 6 days, since PHA-activated 
blast cells can incorporate more ^'Cr than resting 
lymphocytes can. CTL and targets are plated in effec- 
ior:target<ell ratios of 1 00: 1 , 50: K and 10:1, Control 
wells include targets alone to measure the spontane- 
ous release of label and test wells containing target 
cells that are treated with detergent to release the 
maximum incorporated label. The test requires 4 
hours of incubation in a humidified COi atmosphere 
at 37 °C. At the conclusion, the supernatant of each 
test well is sampled and counted. In the experimental 
wells, the amount of ^'Cr released is corrected for the 
background level of spontaneously released label and 
compared with the maximum amount of label re- 
leased: 



cpm (Experimental) - 
% Specie ^ cpm (Spontaneous) ^ 
Release cpm (Maximum) - 
cpm (Spontaneous) 



Elevated counts of 30-50^ above spontanieous back- 
ground are indicative of CTL activity. 

Direct CML lasting can be used to monitor post- 
transplant rejection by testing for the presence of ac- 
tivated circulating anti-donor CTL. The patient's 
PBL are placed directly in culture with ^*Cr-labeled 
donor cells as targets. An elevated donor cell lysis 
compared with pretransplant levels is considered evi- 
dence of circulating CTL which are particulariy 
prevalent during rejection. 

CML testing has applications in living-related 
renal and bone marrow transplantation. The preferred 
kidney donor will be the one who fails to stimulate 
the recipient to fcirm CTL, In heme marrow iransplai>- 
taiion, the recipient is at risk for immune attack by the 



Table 20-1. Evatuation of cell-mediaied immunity. 



Test 


Comment 


Totallymphocyte count 


>12004iL ^ 


Delayed t^ypersensitivity skin 
test 


Used to evaluate specific im- 
munity to antigens. Sug- 

Candida, mumps, purified 
protein derivative, and strep- 
tokinase-streptodomase 
(4 units/0,1 ml). 


Lymphocyte response to mi- 
togens (PHA). antigens, 
and allogeneic celts 
(mixed-lymphocyte culture) 


Used to evaluate T cell func- 
tion. Results are expressed 
as stimulated counts divided 
by resting counts (stimulated 
index)- 


Total T cells using monodo- 
na! antibodies to C03. 
C02,orC04 plus COS 


Used to quantitate the nunv 
ber of circulating T cells. Nor- 
mal: >60% of total 
lymphocytes. 


Monoclonal antiljody to T 
cells and T cell subsets 
(C04andCD8) 


Determines total number of 
T cells as well as T ceil sub^ 
sets, eg; helper/suppressor. 


Cytokine production (IL-1 , IL- 
2. lymphotoxin. tumor ne- 
crosis factor, etc) 


Used to detect specific cytok- 
ine production from subsets 
of mononuclear cells as an 
index of function. 


Helper/suppressor T cell func- 
tion 


Provides information on T 
cell regulation of immunity.. 



Clinical Features 

A. Symptoms & Signs: The most frequent pre- 
senting sign in patients with DiGeorge's syndrome 
ixx'urs in the first 24 hours of life with hypocalcemia 
that is resistant to standard therapy. Various types of 
congenital heart disease have been described includ- 
ing interrupted aortic arch, septal defects, patent duc- 
tus arteriosus, and iruncus arteriosus. Renal abnor- 
maiilies may also be present. Some patients have the 
characteristic facial appearance described above. Pa- 
tients who survive the immediate neonatal period 
may then develop recurrent or chronic infection with 
various viral, bacterial, fungal, or protozoal organ- 
isms. Pneumonia, chronic infection of the mucous 
membranes with Candida, diarrhea, and failure to 
thrive may be present. 

Spontaneous improvement of T cell immunity oc- 
casionally occurs. These patients are considered to 
have "partial" DiGeorge's syndrome, but the reason 
for the spontaneous improvement in T cell immunity 
is not known. Patients have also been suspected of 
having DiGeorge's syndrome on the basis of 
hypocalcemia and congenital heart disease with or 
without the abnormal facies but have been found to 
have noniial T cell immunity. Subsequently, these 
patients may develop severe T cell deficiency. 

B. Laboratory Findings: Evaluation of T cell 
immunity can be performed immediately after birth 




Figure 20-1. Infant »vith 0<ieorgc fi syndron^e Promiv 
nenl are low-set ano 'nat'or^ed ears, liypertetortsni. and 
hsh-shaped nnouth. Also note the surgical scar f^nv car- 
dtac surgery. ■'■ ' - " ' 



in a patient suspfcctcd of having DiGeorge^ syn- 
drome. The lyniphocyic count is usually low 
(<1 20(»/nL) but may K- normal or elevated. In the ab- 
sence of stress during the newborn pcri^xl. a lateral- 
view x-ray of the anterior mediastinum may reveal 
absence of the thymic shadow, indicating failure of 
m»rmal dovelopmenl. Delayed hypersensiiivit) skin 
tests to retmll antigens are of little value during early 
infancy, because sufficient time has not elapsed for 
sensitization to okrcur. T cells are markedly dimin- 
ished in number.iand the peripheral b\ood lyinpho- 
cyies fail to respond lo phytohemagglutinin (PHA) 
and allogeneic cells. 

Studies of antibi>dy-mcdiated immunity in early 
infancy arc not helpful, because immunoglobulins 
consist primarily of passively transferred maternal 
IgG. Although it is believed thai some of these pa- 
tients have a normal ability to prxxjuce .specific anti- 
body, the majority hav^ some impairment of antibody 
fonriaiion. Sequential studies of both T cell and B 
cell immunity are necessary , since spontaneous re- 
missions and spontaneous deterioration of immunity 
with lime have been described. 

A diagnosis of hypoparalhyroidism is established 
by ihe demonstration of low serum calcium levels, el- 
evated serum phosphorus levels, and an absence of 
parathyroid hormone. Omgcniial heart di.scase may 
be diagnosed immediately following birth and may 
be mild or severe. Other congenital abnomialiiies in- 
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TEPOXAUN A NOVEL IMMUNOMODUIATORY COMPOUND, 
s™eR^S W^ra CSA IN SXJPPBESSION OF GRAFT-VERSUS- 
K ^CmON AND ALIX^^^ SKIN GRAFT REJECTION 

Wai-Pjng Pono-Lbung,' Babbara L. Pope, Ewka Choijkmoozis. Joue A. Pahak^, and 
wAiiruiu V Catherinb Y. Lad 

•ne B.W. JWwwn PAormoceuiieoi BeteorcA ii«tirufc, Don MilU, Ontario U3C 1L9. Canada 



Tepoxalia, a dual Wipoxygenase and <yclo<»yg^- 
ase Inhibitor with nonBteraidal antiinllMnmatojT ef- 
fects, has recently be«» shown to "upprMS NFkB 
traMactivation and inhibit T ccQ prohteafaon Via a 
mechaniiim very different from cydosponne (CaA). In 
this report, We demonstrate that ^J^^^'^'^^' 
snpiwwsive effect of tepoxalin is manifested inuimvo 
tiwinilantatibn models. Tepoxalin snpprMS^mnnne 
spleen oeD proliferation in a mixed lyni^o«yte reac- 
aVmaMiUEt)wlth8nIC,*of l-S pM.Coadndnistrati<m of 
tepoxalin and CsA In MLR cnltures showed an addi- 
tiVe i^U^iiory effect. Oral administratMm of tepoxalin 
at 12 mg/kg«ay to mice suppressed local ^aft-vwas- 
host (GVH) rSponses by about 40% (n=10). Combina- 
tion of tepoxalin and C5eA at suboptiMl doses syn^ 
Bized ttieir immnnnsnppressive effects on UVti 
reanonses (n»20). In skin transplantation, the median 

skill crafted onto CBWHbJ (B-Vh mice was 10^ days 
(n^BK md was prolanged to 15.0 days (ii«9) tor re^ 

administration of suboptimal doses of tepoxalto {12^ 
mgto/day) and CsA (50 mgfltg/day) prcOong^ skin 
Sfl^^octians dramaticaUy <55% of the grafts snr- 
^d for than 40 days, n=0). Taken together 

these results demonstrate that tepoxalin is a potent 
unmimomodcdatory compound that, when combined 
with CaA, provides synergistic '^^^^'^^'^^^^ 
dvitv. The fact that tcpoxallai and CsA act on different 

miskxt expUin the syner^c suppressive effects 
w£a both compounds wei^ used. Tepoxahn could be 
an important addition to the cohort of unmunosupj 
pressive therapies currentty used fai sohd organ and 
bone marrow transplantations. 

The immune response in transplantation, which results in 
graft rejection and graftrversus-hoat (GVH)* response, is pri- 
marily triggered by T celU throng recognitian of alloanti- 
gcns (1-4). Sttppression of immune response could be 
achieved using agents interfering with T cdl activation and 

effector functions, use of cydosporine (CsA) as an immu- 
nosuppressant in transplantatimi has been documented <5. 
6) CsA inhibits T cell activaUon by inhibiting the nuclear 
tranBk)cat5on of Ote nuclear factor NFAT (7, 5). However, 
CsA has associated toxicities and side effects w^en used at 

» Address coneapondence to Dr. Wai-Pinc Fung-Leung, Th^ R.W. 
Johnson PhannacettUeoI Rasenrch histitute, 3535 General Atomics 
Court. Suite 100, San Diego, California ^121. 

♦AbbrcviationB: CsA. tydosporine; CO. cydooxygenase; GVH, 
graftrversus-boet; LO. 5*lipaxygenase; mJB. mixed lymphocyte re- 
action. 
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therapeutic doses (9). Compounds that suppress T cell-me- 
diated hnmune response with mechanisms different from 
that ttf CsA will undoubtedly be valuable additions to the 
cobort of the current regiments. 

Tepoxahn (5^4HidoTOpbonyl]-*^hydT03g^-l4-methDxyphe. 
nyl>N-methyH-H-pyrasolo-3-pmpanamids) was discovered ; 
originally as a dual inhibitor of ^-Itpmygenase (LO) aad 
cydooxygenase (CQ) and exhibite potent nonsteroidal antiin- 
flammatory activities in animal models of adjuvant arthritis 
(J0-J2). Recently wc foimd that tepoxalin also inhibits 
0KT3-induccd T ocB proliferation via a mechanism very d^^ 
ferent from that of CsA (W). CaA is known lo ^odc 11^2 
production after activatian of T cells through TCR/CD3, 
whereas tepoxalin inhibits IL-2 induced signal transduction , 
(15). An in-depth investigation of the medmnism of action' 
reveals that tepoxalin inhibits predonanaiitiy >IFkB activa- 
tion (14), whereas CsA is most effective in hlodting NFAT 
transacti'vation (7, 8). Because cf these different mechanism^; 
of actions, a possible additive/eynergietic effect of the com- 
yned t^>oxahn and CsA treatment is objected. In this re- 
port, we demonstrate that tepoxalin is indeed effective m. 
suppressing mixed lymphocyte reactions (MLR). GVH re* 
spouses, and aUogeneic skin graft rejections in mice. The. 
swifiigistic effect of tepoxahn and (}sA in immunosuppr^ 
sion was also studied. Ihe possible mechanism of tepoxahn m- 
iimnunosuppreeaon and its potential dinical apphcation arc 
discussed. 

MATERIALS AND METHODS 

Mie^ Inteed C57BL«a, C3H/HeJ. and BALB/cByJ mice «id 
BfiD2F,/J mice ww obtained from the Jackson Ubonratory (Bar/ 
Harbor. ME). rHiose uaed in acpartmanta were male oiice at aJKmt . 
6-10 weeks ofage that woighod 18-26 ga. " 

PrzparotiMH^ttsi compounds. Tepoxalin. naproxen, and xiletttoa 
were cyntheaitcd by the R.W. Johnson Pharmaceutical R^ardJ . 
Inrtitate (Raritan. KJ). CsA (Sandimmune Lv.) was from SanOoz 
(Qu^c Canada). For MLR experiments, stock: solutiflns of tepoxa--,v 
iin^^oxen. and sUeuton were pn^ared in DMSO at 30 mM and 
dUutcd to working ooncentratioae in culture medium at the time o^.', 
experiments. DMSO at concontrations cquivahmt to those of tiie te». 
compoands were used as controls in MIA assays. For expcrimenta <A 
GVH lesponaes and 8)dn graft rejectittne, micronized tcpoxalm ana ) 
naproxen were suspended in 0.6% methyiceUulose (Sxeroa, St. Louia, 
MO) at concxmtrationa of 5 mg/ml or lower. The vehidc control was 
the equivalent vdmne of 0.5% methylcellulosc. Zileutcn was disj. , 
Bolved in 60% polyetiiylene glycol 200 (Sigma, SL LauiE. MO), arui:.- 
the corresponding vehide control was the equivalent vohune of po?y^: 
ethylene ^1 200, CaA waE dikited in saline. M compounds wer^. 
dissolved in vehide just prior Lo administration to mice at vdumea ai^ . 
0.01 ml p^ gram body weight 
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proliferation wtco-*- SineiMell suspensions from 
washed once with PBS aad tben resuspended « 
& medi-m supplemented with 5% »»<^« ^^^f 
' l^ptoettanrf. Responder spleen <"^1°'\*^ 
mmi^iK-^ rtimulated Uy 2.6X 10» imdiated (2000 
PSSen cells from B6D2F,/J ««« (H-2^). 

n^tor eelU were coc»h»«d in 250 ,a medium eontaintag 
8aS^tn^»n. ef the tested ceinpound. m ^e JB-wdl 

welU. Corning Ioc» NY). After 5 d«3« of »tool«t.^ 
wns oddcd to the eaters (0J5 ^CS per -fl^^*^- 
wTharvested using . T.m.iec H»rvort«r 96, MACK n 

sdntiUatioit counter (Phamada. Uppsala. Sweden). 
J5K«.t Cenviahflityw^^assessedwUh^eMTT^^ 
^ iells fhmi CSraiVW mi« were prepared « Rm 16« me- 
sSnented with 5» fetal bovine senm and 60 1^ 
^iSnoL Spleen eeUs (2X10»/wd« wer* sUmulated wiU> Bmao- 
(Pharn.insen) in the preaenee of *^P««^ 
DMSO in 96-weIl eulturt plates (Corjung toe-NY). The MTT 
Jss conducted b, using the CeHtiter 96 Icit ^^^^^ 
Jte based on the convenrion of. tetniadiua. «dt by tnaUe oils 

i,ja of Dontth .nd Hoser US). Spleen <*»*,^^^™^ 
^eted anbcataneoosly into »h« foo^md* of BeMF,« mfce. 
■Sd was injected with 8X MJ« spleen «ais in 50,.l Se«n 
■S^th^ drainiiUf PopUleel l/n^b node« were ramoved. 
iLdoflatwui weighed. Miee injected in the footpads witfasahne 
^„ negrtiTwntrols. I^ph nodes of tb«« m,« w«e 
iiig„tahal,le liom those injected with syngenew spleea cdk^ 
^was administe^Ki orally and C.A "^r^J^^ 
^Tmice daily sUrted one day befor* footpad wjecben utiles. 



mn g^^phiaaHon. C3H/HeJ mice (H-2*) woe anertte- 

* L A grSbed (ab<kit 0.3 cmxl cm) on the moujje tafl was 
i off skin ca«rfully to avoid bUedi»g. Tml skm o^ 



iihe gr»ft Bite in an oppoaile orientat«n aa»rding to Jf" 
• Tdi^Bction. The grafted skin was protected by a P^"*' J-}""! 
Biter 0 6 cm. length 3 emi held in place by wound chps fiwS 
i=Bkin grafts were «cammed and scored daUy. A gralbjwe scor^ 
«Lg ~S when mo,« th»n 80% of the graft w« n^ CaA 

iubcutaneously to mice daily starting one day ^^^J^ 
^^lotation untU i^ection of grafts. Tq»xabn was ipvea ord^ 
^U^TbXre transplantation and then daily storting one day after 
JmUntatian until graft rqection. -^^ ^ 

ma prr^aUcOon o»d rto*i»ti«. Date were "^^"T* °^ 
" ) Dunaelfs tesU. A parametric version wos uaed if data w«e 
sTSrtrib-ted M ..-ssed by the Wilk-Shapw test Data 
; did not meet the assumptions of normality were tested ue.ng 
version of die Ihmnett's test 

HESm-TS 

hibition Of MLR proliferations by ''P^f^.,^* 
\i that tepoxalin sappresses T cdl P"^*^'^"^ ""f 
ite the activity of the transcription factor NFkBQS.M). 
Kii activation and proliferation are crilieal for the nutia- 
o|x)f an antigen speofic immune response. The transoip- 
In factor NPkB is alao known to be involved in regulatuig 
iaxpression of many target genes in an i^^J''^^ 
^-J7) The possiUeimmunosuppresBive effect of tepwata 
f therefore studied. To determine whether tepoxahn^ 
able of inhihiting the immune response 
m; tepoxalin at various concentrations was test«l in 6a« 
SJilferation assays. The assay was set up by stmiolating 



C67BL/6J (H-2'0 mouse spleen cells- with imdiated 
B6D2P,/J mouse spleen cells. As shown m Rgure I. 

tepoxalin inhibited ceU proliferation in a dose^pendent 
Shion with an ICeo of 1.3 The inhWtoty effect was not 
related to cell toxidty. Tepoxalin at coneentxa^ ^^.l^ 
„ tew did not affect the viability of anti^S stimulated 
nwuse spleen cells after 24 br. of treateieat (Table I). Since 
tepoxalin is a dual CCVLO inhibitor (10), the poaoble link of 
its euppressioa of MLE proliferation to its inhibition of CO 
and/or LO was studied. To address this question. , the well- 
Wn CO inhibitor naproxen and the I^inhitotar xOeuton 
were tested in paraUel at doses lO-fold hi^than their ICeo 
for suppression of CO or LO in mice, respectively. Neithw t£ 
these compounds, nor the iorobination of both of them, had 
an inhibitory effect on MLR proli£terationff1g. l). 

To further understand the medianism of action of tepoxa- 
lin the kinetics of tepoxalin in inhibitiag MLR proUfemtion 
wal. compared to that of the known immunosuppressant, 
CsA As shown in Tabte 2. the inhiUtoiy effect was not 
Liniahed when tepoxalin was a^ed 24-72 ^^"^.^ 
initiatioD of MUt In contrast. CsA was efcctiveonly if it was 
added at the beginmng of the oocnltures. To ^etorrnnie 
whether tepoxalin and CaA were synergistic in mhilnbng 
MLB proliferation, the two agwits were tested in condnM- 
tion. Tcpoxahn at 0J5 ^. 1 ^M. or 2 
combination with varying concenUrations ofCaA (Fig- 2X OsA 
alone inhibitBd the response in a doa^lated mann^ wi^ 
an IC« of 22 nM- Tepoxalin alone inhibited prohferabOT by 
^%^0S iM, hy 66^^pM, and by 87* at 2 pM- Wto. 
tepoxalin and CaA were present at '»°»»^«»«^ J^^IJ"^ 
ti^ the inhibition was clearly addiUve. Hus ad«fative e^ 
was less significant at concentrations of the two drugs that 
were strongly inhibitory on thdr own. 

Suppression ofGVH re^nses by i^Iin^ The ^nno- 
soppreasive effect of tepoxalin as demonstrated in MLR aa- 




Naproxen + 
Zileufin 



0.1 0.2 0.5 1 2 5 
Coneeniratlon ((lU) 



10 20 



PlOUKS I. Inhibition ofMLBpr«Kreratioaib3rtepoxBlin.8pW.oeJle 
S C57Bl5M«i=e we„ cocaltnied in triplicate walls w.th ..rad.- 

SfSS^s ftom BSDZP^ mice as d«eribed in 
^nJL Varying concentration, of tepoxalin. naproxen, «leuton. or 
SJS^ V^toa w« added to the cult«a. at J'"*'^ J 
euhoita. •H-thymidh.e uptake was measured on day ^Coote^ 
^tutes contained DMSO dil«t«i n a moaner sunilar to that of fee 
^S^r5puke of *H.thymMine m vehicle ^^^^ 
90.0W cpm. Percentages of control responses "e calculated as per- 
oentagMof (epm of treated culUuWcpm of vehicle controls). 
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TRANSPI-ANTAnON 



dosee tof tQ>oxa)tn in munttXKjsuppressiim is 
noi toxic to cells" 



TepoulinOiM> 
100 

25 

&25 
3.12 
' LB6 



Cell viftbflitj* 



52.0% 
76.4% 
96.5% 
103.0% 
116.5% 
118.4% 
136.5% 



'« VwHlHy of «nti-CD3 s&aulated C57BL«J spleen cells treated 
with tepoxalin for 24 hr was tested in tJie MlTviabnity aseay. 

Cell viability ia preecnted afi the percentage of viable cclU m 
lepoxaKn treated earnple compared with that treated with 
ftlent amurnit of the vehicle DMSO. 

Table 2. Inhibitory effect of Upoulm and CaA on MLR prolifera- 
tions (%W^oJpMpmQTOf . 



Tc^xixalia * 
Cydosporine 



CuncBntnitioo 
ifM 




TUne of TVeBtaosat 
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48 hr 


Tlibr 


IM 


64i) 


52.0 


67.0 


30.6 


2.6 


17.2 


1Z7 


19.2 


16.1 


6.0 


4.7 


5.2 


7.8 


9.0 


0.021 


40.6 


6t5.0 


97.1 


183.6 


0.042 


1&6 


d9X 


93.2 


148.0 


0.084 


6.7 


64.1 


84.4 


119.2 



« Diflcreat ooaccntrations compounds added in MLE cultureis at 
different Uroe potrds were stodied MLR assays were set up as 
described in MaUsnah and Uethcda. The MX^ prolifarations treatol 
with ooinpounde were compared with their vchide controls. "H- 
thymidtoe uptake by proUfcrating celU in MLR aasaye was n«ai- 
vmd. Perontages af cnntrol respjmaes are calcoUted as percent* 
ages oficpm of treated cultttrefi/epnf of vehicle controls). 



says suggests its potential use as an immxinosuppressant in 
dinical therapy. This possible ^plication was verified virith 
in vivo murine models of transplantation. A local GVH re- 
sponse was performed iiuecting spleen ceUs from the pa- 
rental C67BL/6J mice into the footpads of B6D2F1/J 
mice. GVH responses were demdnfitrated by the en- 
largement of the draining popliteal lymph nodes in recipient 
mice. The lymph nodes of recipient mice increased si^iifi- 
cantly by day 2 and continued to increase in size with time. 
The d^r«c of the local GVH response was measwred by 
wei^iing tiie draining popliteal lymph nodes. The lymph 
nodes of tepoxslin-treated mice did enlarge on day 2 but did 
not diange significantly later on. After 7 days of the local 
GVH response, lymph nodes from tepoxalin-treatcd mice 
vere sli^tly hyperplastic, bxit were significantly less so than 
that of the untreated controls (Fig. 3A). GVH responses in 
mice admimsterod tepoxalin orally at 12-50 mg/kg/day were 
reduced by about 40% of that in the positive control group. 
Consistent with the findings in mice, tepoxalin -was also 
effective in rats, with a 30% suppression of this local GVH 
response at 12 m^kg^day (data not shown). The immunosup- 
pressive agent CsA administered subcutancously to mice at 
60 and 75 mg/kg/day was shown to suppress GVH response 
by 42% and 71%, respectively (Kg, SB). The results suggest 
that the immunosuppreMive effect of tepoxalin at 12 mgfk^ 
day is comparable to that of CsA at 50 mg/kg/day . To assess 
Tsliether the inhihitoiy effect of tepoxalin on GVH reaponeea 
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FXGUHE 2. Additive iiihibitoiy effects of tepoxalin and CbA in MLR:i 
proUfcieUons. Prohferatian of C57BL/6J monse spleen ccfls after 
days stim"l«*^'>« with irradiated BBD2Fi spleen cells in medium: . 
containinE tepoxalin at 0.5 ^M. 1 ^M, and 2 phis vaiyin^ coo- 
ccntmtions <£ C^ was asaayed as described in MaienaU and Mzth.- 
vds. The proliferative xe^nse in coltares containrog no drugs was 
80.000 cpm. ' • '"^ 

could be obtained with other CO or LO iBhibitors, naproxeS/!; 
aiid xileuLon were again tested in GVH aasay?. No inhibitic^4,^ 
was seen with rileuton, naproxen, or a combinadon of the twa 
compounds (Fig. 3CX 

Since tepoxalin appears to act late in MLR assays, the 
cfifect of tepoxalin odministcned eariy and late in GVH r^^ 
spsmscs was also studied. Similar to the findipge in MLB;,^ 
proliferatianfi, tepoxalin given to mice for a minimum of 3^ 
days was sufficient to suppress <?VH resjKmscs to an exto^ 
similar to those troatod. with tepoxalin tiirou^out the 7-day : 
course of the (3VH response (Fig. 4). Tliis short treatmeirt 
with tepoxalm could be at the eariy (day -1 today 1 or 4)oi:.^^ 
the late (day 4 to day 61 stage of the GVH response. 1^ 
inhibitory eEfect of tepoxalin at the late stage-of immune"- 
T^sponses suggests its mechanism of action to be difTcrent 
from that of C^sA. The.possiblc synergism in immtmosuppres^; 
Hion by tepoxalin and CsA was therefore studied in GVH^ 
assays. A much stronger suppression of the GVH refipon^^ 
was indeed found in mice treated with both tepoxalin and; 
CsA rather than those tareated with either one of the t\^; 
drugs (Fig. 6). This synergistic cfiFect was particularly signif- 
icant when a low dose of tepoxalin (6 mg/kg/day) was cnm-, 

hined with CsA, rpu^''^ 

Proltmga^n of skin allogrdft survival by tepoxotoi. 
time course of skin allograft rejection in- mice is affected 
the efficiency of the foUowlng two mechanisms: (1) the actj-|^ 
vation of T cells through recognition of specific Blloantig«ia.=^| 
and (2) the effector mechanisms mediating tissue distrucfaonv^ 
To study the effect of tepoxalin on akin alk^raft survival.^ 
experimental alk^ft r^ection was performed bfy graftin|/^ 
allogeneic BALB/cByJ (H-2^) mouse tail-skin onto CZBfB^^< 
(H-2*^ recipient mice. For the first 6 days after transplanto-g^ 
tion. allografts appeared normal and their gross appcaxan^;'- 
was not different firom that of jiyngeneic grafts. The rqjectinso:^ 
process became apparent by day 6, with signs of swelling a?? 
erythema, and quickly culminated into complete graft necr^ 
sis. Different doses of tepaxahn were tested in skm gr^.. 
rqection assays. As shown in Figure 6, rejection of cllogra% 
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Phkibk 4. Effective suppresfikm of mouae GVH reifKms© ^ sfaMt 
treatments with tepoxalin. GVH respcOTse was 
tion flf C57BU6J upleen cdU into the fortpade orB6DZF,AJ mU» and 
was measured by weighing the dmimng lymph nodes as dei^ibed m 
Mabirials and Methods. MiCO ij«ccted with wline imdW of aplam 
celkwereWa6negattw«mtroU.Tep«»aain {25 mg/^ waa ft^ 
minwtered orally to mice at different tixne.scbedulee aa ih^^ 
«Hponses in mice treated with vehicle <0^% meUr^colhdoM) ww 
used as poaUvecotdwls. Five mice were m«d per group. 

bars represent the standard errors 
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3. Suppression of GVH respoaaee by tepoKalin. A local GVH 
Mfponse was triggered by stabcoUncoas injection of parental 
spleen celU into footpads of BeD2F,/J mice, andwas 
by wcii^g the draining fymph nodes as deacnbi^ in 
mow and Methods. Mice injected with eaVme were used m 
ativc cootroU. Dnjgs were given to mice from day -"1 to d^ 6 ^ 
GVH Tesponse. iA) GVH responses in mice administered difler- 
doeea of tepoxaUn or vehide tiantrol <0^% mathylceUulos^ 
"y. Ten mice were used per group. The values from mice troated 
tepoxatin at 12, 25, and 60 mg/kg/day axe significantly different 
.aoniihVvehide control group (Dunnotfs testX Similar r^^J^'* 
^IStained from more than three repeated experimwtB^ 

in mice given -CaA (50 and 75 mgflcg) or vehicle contr^ 
EiraW) sobcutaneonsly. Five mice were used per gniup, (C) GVH 
^' «m8e3inmiccgivennaptx«en,xaeuton.orthecomhinaUonoft*^ 
sswo'^nigs at 60 m©rkg/day orally. Mice as vehicle controla for 
^proxeTwere treated with oquhraleni volumes of 0,6% mcthylcel- 
>8e; for rileuton. they wbt« treated with 60% polyethjlcne^ycol 
and for the comhinaUon of drugs, they were treated with both 
l6Sb metbyMluloac and 50% polyethylene glycol 200, Five xmce 
used pCT group. The column bars represent the standand errors. 
Sterlsks indicate a P value of <0.05. 



h the placebo-treated gnmp started on day 7. Ai)Out 5(Wf. of 
^ aHografte in the placebo gnmp were rejected on day 30. 

at doses of 12.5 and 25 rog/kg/day did not have a 
«gimicant effect in prolonging graft rejection. When tepoxa- 
Im at 60 mg/kg/day waa administered to niice, a significant 
s&longation of skin graft rejection was observed. The me- 
mn fiorvival time of skin grafts, defined as the time pomt at 
jch 50% of the grafts are rejected, was 10.5 days in the 




♦ CsAMng*(0 ^CaASOiro'^ 



FiGuaB 6, Synergistic suppreRsion of mouse GVH «^cnaw^ tep> 
a^in and CsA. The GVH response vma induced by in ectUm of 
C57Biy8J spleen cells into the footpads of B6D2F,/J imce and was 
measured by wei^ng the draining lymph nod«s as dcsoribcd m • 
Zaterials ZilSS. Mice wm. t«»U^ wi^ 
tepoxalin <6 orlZ mgflqt) alone, or the comMnaUon of \^pmim (6 or 
12 mgAcg) and CsA (60 -mgflig). Mice ir^ected with sple^i cells «id 
treat^ with vehicles were used as positive controls, ^ mjccted 
with saline instead of spleen cells were used as negative omtrola. 
Twen^ mice were used per giuup. The column bars represent the 
2Xi em»^. Asterisk, indicate a /> vaUie of <0.05, Smular re- 
BultH were obtained from repeated cxpenmenta. 

p1a«bo-t«ated group and waB 1-5.0 day* f 
iflke treated with tepoxalin at 60 ing«sfi(day (P<0 OS) Fnr- 
tbcmore, a combination of tepoxalin and CsA at low doses 
showed a dramatic prolongaUon of allogeneic skin graft »- 
jecJaon (R& 7). About 52% of the mice treated daily with 
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PMORB a ProlOTgatto of ddn graft 
reiectianafthe grafted akin 

l^fWs Ditfertsnt dD»c»oftcpimainT«srcadinii^^ 
C3H/HeJ redpient inice tha day before and after ato 
tion. and AeTdaUy imta grafU were naected. 

vehide (0^ methylc«nuk«e) artJty were oeed as ^^^^^ 
ten inke weie iiaed per gnmp. Date preaentad^^ 

STthe three repeated ^pernaanta. B-^^^'^.^t 

o^pcrimeatE were aimflar. Prolongation of 

U^edw^ tepaxaKn 60 mg/kg was eigmficant (P<0.05. Dunnett b 



e 




C»A(60ine*EfiO 

lepac8Sn(12£moAc(& 

Tepoxafin (12^ m^^S) 

4CeA(50nVttS) 



^ — L 



— I 



£6 



Days after Qtafflfig 



FicuBE 7. Enhanced proloDgation cf aJlogeneic skin graft T^jectl<m 
■ by tepwalin and CsA, BALB/cBy J mouae tidl skin wa* grafted radto 
the tea of C3H«aJ mice aa deeofibed in UistmoU Wetftod*. 
TepoxaKn mg/kg) alone. CaA (50 ^ 7 "J 

(12Tm©ltg) plus CaA (50 mfi^) were adnaniatered to CSHmaJ 
Kike the d^y before and after akin temsplantetioa. and Uwa daily 
untn Ain grafte wew Ttgacted Tepoxalhi was given oralb? 
was givcfl BUbcataneoasiy. For redpienl imce with skin grafte 
- Yiving for more than 40 daya. drug edministration was diaamtmued 
from day 40, as shown l>y arrows. About ten mice weie us^per 
gitmp. Enhanced pn>longHtion «f «^ ^^^>«^7:"/~^^^ 
S^Lbmalion of tepoxalin (05 mg/kg) and CsA (SOmgfl^Xdate not 

shown). 



tepoxalin {12.5 mg/kg/day) and CsA (60 mgrtig/day) retained 
the allogeneic skin grafts on day 40 after transplantation. To 
determine whether immTmotolerance to skin grafte is gener- 
ated by the combined drug treatment, drug dosing was dis- 
contimied after day 40 of transplantation. Skin graft rejec- 
tion was noticeable on day 16 and all the grafte were rejected 



on day 24 after drug cessation (Fig. 7). The results Buggeat 
that the combination of tepoxalin and CsA potentiates the 
hnmunosuppressive effect, but does not induce immnnotol- 
erance to the grafts. 



DISCUSSWN 

In this report, we demonstrate that tepoxalin is effectave in 

suppressing the inmiune reaponses in murine models of GVH - 
reacfaon and allogeneic skin graft rejecfcioii. This immunoeup. . 
pressive activity is not seen with other inhibitors of CO or 

TV) stu4y the mechanism of immunoBupprcssum by tepoxa- 
lin, we uacd the in oitro mixed lymphocyte reaction, which 
measures the prdiCerative response of parental strain 
C57BL/6J spleen cells whan stimulated by B6D2F j/J spleen. . 
ceUs. Tepoxalin inhibited the alloantigen-driven proliferative 
response in a doee-related manner with an IC50 of U ^iM 
and a complete inhibition at 6 AtM. A mmUar inhibition was. 
aeeh with CsA. which had an ICoo of approximately 22 aM 
and a complete inhiMtion at abont 200 nM, However, there 
wore differences in Am kinetics of ihe inhibitiona seen wth-^ 
the two compounds. Tepoxalin exerted the same degree of.^^; 
inhibition if added any time up to 72 hr after the set-up of -J 
MUl cultures, CaA.was only inhihitoiy if added at the initio 
ation of the MLR cultures. IU2 production by T cells occm 
early following activation, readiing peak leirels i^y 24 hr of 
culture (iS. I«. CsA has been known for its inhibitory effect 
on IL.2 production (7. 20, ZT) and is therefore expected to :^ 
afectTceBs during the firat 24 hr of activation. Tlie fact that, 
tepoxalin inhibits proliferation late hi MLR assays suggeste : ^^^^ 
ite inhibition of later evente in T ceU activation. One posa*-. . ,| ^ 
bility is that the IL-2-mediated signal transduction pathw^ ^ 
is affected by tepoxaHn, which has been shown 00 human 
lymphocytes in' our previous report (13). 

GVH disease is a common problem in bone marrow trans- 
plantation that leads to fre<iuent morbidity and mortaUty ;:| 
C22). Skin grafte trigger strong immune respodses and have, y 
been one of ti\e most difBcult grafte in transplanteUon 
The immunosuppressive activity of tepoxalin was dcmoa-.:/ 
strated in murine models of GVH responses and \^ 
skin graft r^ection?. Tepoxalin was found to inhibit GVH .;:| 
respOTises at 12 nag/kg/day and to prolong skin graft rget-,^ 
tions at 60 mgAcg/day. The possibility tiiat tepoxalin blodcaa 
later event in immune responae is again implicated *>J^ -;:}S 
suppreaaion of GVH reaction even when it was administered ^.-^ 
to mice 4 days after the initiation of tiic response. ^ 

Tepoxalin is known to be a dual CO and LO inhibitor wito;?^ 
patent antiinflammatory effecte (JO). One. of tiie obvicos^,.j 
Questions to ask is whetiier ite immunosuppression is due te .^^ 
the inhibition of the CO or LO enzymes. The involvement a* -^J ^ 
CO and LO in the modulation of immune responses 
coiiti^JversiaL Arachidonic add metebdites produced '^'^''^ 
these enzymes, such as prostaglandins and leukotiiene^;^^ | 
have maiw biological activities, including tiie modulation. <a^^ | 
inflammation and immune response (23-^). Indeed several.^ | 
inhibitors of LO have been shown to prolong graft r^ecfciMimv^ | 
transplantation (30-55). However, it was noticed that those^^ , 
LO inhibitors with immunosuppression activity are also 
tent antioxidants vnth itihibit«ry efifects on NFkB activitafj^^g 
(3-rf, 35). Therefore the immunoregulatory effects of *^^>^" 
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InpouBds may not be directly related 
TLnpared the effect of teporato with cfther known LO/CO 
Srs in oar studiee. Naproxen (CO inhibitor) or zikuton 
A inhibitor), or their combination, did not have any effect 
IWjl proliferations or GVH responees. We have ^Pf*^ 
ody that tfipoawOin is distinct from otiicr CO and LO 
tflbitors in its inhibition of NFkB activities iW. NFkB ifl a 
l^opic tmnsactivator of many target genes involved in 
Lune or inflamroatoiy responaes (16. in The immnmv 
^ixresdve effect of tepoxalin may be attributftd to its mhi^ 
n of NFkB and not related to the general inhibition of 
aacfaidonic acid metabolism, 
^makeji together, these data show that tepoxalin is an effec- 
""i^immnnoBuppr^ssive agent. Since the mechanism of tcp- 
^'n appears to be different from CsA in immunoeuppres- 
it suggests a possible combinational nee of the two 
;dpounds in immunoattppressive th^py. Moreover, tep- 
Tto is devoid of ulceiogemc actions in gastroint^;^ 
tnfi that are the common side effects of other NSAID 
s ai 12h The LDso <if tepoxalm.in mice and rata was 
. Ua^ 400 mg/kg, which is over 10-fold higher than the 
live doses used in in wiw) iinmunosupprcssion. Tepoxato 

ouid therefore be an important addition to <hc existing ma- 
liiiosttpptessive therap^tic drugs to enhance the effica<7 
lireatinent and to reduce drug toxicity in transplantation 

L autoimmunity. 
tfickiu>wUdgment9, We thank Dr. John Booth, Anoa BahnaOi, and 
''^TT^iegBr for their assistance in manuempt preparaUon, and 
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COMBINED THERAPY WITH IlNrrEia.EUKIN^ AND INTEKUEUKIN. 

10 INHIBrrS AUTOIMMUNE DIABETES KECUitRENCE IN 
SYNGENEIC ISLET-TRANSPLANTED NONOBESE DIABETIC MICE 



Analyses or Cytokine mRNA Expression in the 



Graft^ 



AlexRabinovitch,^'^ Wxlma L. Suakez-Pinzon,^ 0>^ Sobensbn/ R. Chris Bmacklby,^;: 

Robert F. Powbr,^ and Kay V. RajotoI 

Deportment, cfMcdicm^ lm7m«u>hgy. Biochemi^ry^ LabonUory Afedidne and F<^f^^ o/^ SonW, und^ MmoH - 



Syngeneic pancreatic islet grafU in nonobese dia- 
betic CNOD) mice elicit a ccU-mediated autoiranmne 
response that destroys the insulin-prodocing P eellfi in 
the islet erafL IL-4 andll#-10 are cytokines that inhibit 
cell-mediated immttnlty. In this study, we evaluated 
tiie effect of IIr4 and IL-10 on the survival of synge- 
neic pancreatic islets transplanted into diabetic NOD 
mice. Islet grafts survived beyond 18 days and nonno- 
glyccmia was maintained in 67% (10 of 15) of nnce 
treated with n>4 pins IL-IO, but in n<Kie (0 of 20) of 
vdbLide-ii^ected (control) mice. Also, 40% (6 of 16) of 
the mice treated with IL-4 plus BL^IO were normogly- 
cemic at 30 days afto- transplantation, c^ompared with 
14% (1 of 7) of tibw mice treated withIL-4 alone, 8% (1 of 
13) of mice treated with UrlO alone, and none (0 of 
20) of the control inicc Histological examination of 
grafts at 10 days after transplantation revealed peri- 
islet accumulations of mononuclear leukocytes and 
intact islet ^ cells in grafts from IL-4 plus IL-lO- 

* This work wae supported by a tHabetes Intcrdisdplinary Re- 
search Program grant from the Juvenile Diabetes Foundation Inter- 
national, and by grants from the Medical Research CJoural of Can- 
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^ Department of Inumtnology. 
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treated mice, whereas islets were infiltrated by leuko* . . 
cytes and the pceQ mass was greatly reduced in graft^.'^ 
from control mice^ Polymerase chain reaction (PCE) 
analysis of cytokine mRNA expression in the grafter- 
revealed higher levels of IL-2, IFNr, ^ H^IO mRNA 
in grafU of diabetic conqwred with normoglyceniic /: 
control mice, whereas IFNy and lOTa mRHA levds:£ 
were significantly decreased in grafts of IL-4 plus IL-:: 
lO-treated mice compared with either normo^ycemic. ; 
or diabetic contaxA mice. These results suggest that 
helper CDiJl ceDs and their cytokine products <IL-2, 
IFNri TOFa) may promote islet p cdtt destructive, 
insolitis and autoimmune diabetes recurrence in synr 
geneic islet-transplanted NOD ndce, and that admin- 
istration of IIr4 plus IL-XO may inhibit diabetes recur- 
i^ce by suqppressing Thl cytokine production in the: 
i^letgrafts« 

Insulia-depcndent diabetes mellitus (IDDM)* results feore 
destruction of the insulin-prododng pancreatic islet 0 cells: 
by the host's own immune system. Wiereae it is not known 
what may initiate this auUrinimune response against islet P 
cells, there is abundant evidence that IDDM is T ceU-dep^' 
dent (Jr, 2). However, it is unclear whidi T cellB we i«^^ f p 
and how thesy may lead to islet p cell destruction. A variety of;,:^| 
immune/inflammatory ceUe infiltrate the pancreatic islete: - 
and consiitate the insulitis lesion (5, 4). There is evidence m. 
human patients with IDDM (5-5) and in animals with spon^ 
taneous IDDM resembling the human dieease-^he nonobeae^^ 
diabetic (NOD) mouse and the biobreeding (BB) rat {Q-SZW^ 
that islet P cell destruclaon may involve heterogeneouB efifee- ' 

* Abbreviations; BB. Biobreeding; CPA, complete Freund*a a*?^ 
vant; IDDM, insulin-dependent diabetes melUttts: NOD. ww^^fj 
diwbeUc; PGR, polymerase diain reaction; Th, T helper. 
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Tautomycetin fTMC) was identified as an immunosuppressor of 
activated T cells. Inhibition of T cell proliferation with TMC was 
observed at concentrations 100-fold lower than those needed to 
achieve maximal inhibition with cyclosporin A (CsA). TMC specif- 
ically blocked tyrosine phosphorylation of intracellular signal me- 
diators downstream of Src tyrosine kinases in a T cell-specific 
manner, leading to apoptosis due to deavage of Bcl-2, caspase-9, 
caspase-3, and poty(ADP-ribose) polymerase, but not caspase-l. In 
TMC-treated rats that received a heterotopic cardiac allograft, the 
graft survived more than 160 days, comparable to graft survival in 
allografted rats treated with CsA. Thus, TMC whose mechanism of 
action is different from that of CsA or FK506, can be used as a 
potent T cell-specific immunosuppressor. 

Organ transplantation to replace diseased organs has become 
the Standard treatment in terminal organ failure, such as in 
renal, hepatic, or cardiac diseases (1). In most cases, induction of T 
cell-mediated immune responses to the highly polymorphic MHC 
molecules on nucleated cells in the grafted organ is the major 
barrier to successful transplantation (2). Improvement in graft 
survival is accomplished by precise HLA typing capability, greater 
surgical experience and skill, and the potential of cloned animals as 
organ donors. But genetic differences at loci other than MHC still 
trigger rejection. Therefore, continuous efforts to discover effective 
and specific immunosuppressive agents have been intense. 

The systematic study of products from bacteria and fiingi has led 
to the development of immunosuppressive drugs such as cyclo- 
sporin A (CsA), FK506 (tacrolimus), and rapamycin (3). CsA and 
FK506 block T cell activation by preventing the induction of IL-2 
gene expression, whereas rapamycin blocks the signaling pathway 
triggered by 11^2 receptor (4). TTiey exert their pharmacological 
effects by binding to the immunophilins, and the immunophilin and 
drug complex binds and inhibits the Ser/Thr phosphatase cal- 
cineurin, which is activated when intracellular calcium ion level rises 
on T cell activation (5, 6). Rapamycin has a different mode of action 
from either CsA or FK506. like FK506, rapamycin binds to the 
FK506-binding protein family of immunophilins. However, the 
complex of raparaycin/immunophilin has no effect on calcineurin 
activity but instead blocks the signaling pathway triggered by the 
IL-2 receptor. These drugs are effective inununosuppressive agents, 
but they are not free of problems. Because calcineurins are found 
in many cells, these drugs are expected to be deleterious in many 
other tissues, such as kidney and liver (7). Therefore, it is important 
to develop new immunosuppressors with minimal toxicity that 
target molecules specifically involved in immune responses. It 
would also be helpful to have more than two different immuno- 
suppressive drugs with different pharmacological effects. 

In this study, we identified tautomycetin (TMC) as an activated 
T cell-specific immunosuppressor. Being different from CsA and 
FK506 in its mechanism of action, TMC inhibited the induction of 
tyrosine phosphorylation of T cell-specific signaling mediators in T 
cell receptor (TcR) proximal signal transduction pathway, leading 
to induction of apoptosis. In in vivo studies, TMC was at least as 
effective as CsA in the heterotopic cardiac transplant animal model. 

www.pnas.org/cgi/doi/ 1 0. 1 073/pnas. 1 62522099 



Materials and Methods 

Cell Culture and Reagents. Human peripheral blood lymphocytes 
from healthy volunteers were isolated by standard FicoU-Hypaque 
gradient centrifugation. The cell lines HeLa, Jurkat, and CD8-f 
Jurkat transfectant were cultured in standard medium containing 
FBS. Jurkat transfectants were regularly treated with medium 
containing 2.2 mg/ml of Geneticin (GIBCO/BRL). OKT3 and -8 
mAb were purified from supematants secreted from 0KT3 and 
-8 hybridomas (American Type Culture Collection) by Gamma 
Bind plus Sepharose from Pharmacia Biotech. Tlie following 
antibodies were used: anti-p-Tyr (4G10; Upstate Biotechnology, 
Lake Pladd, NY), anti-p-Tyr agarose conjugated beads (Upstate 
Biotechnology), anti-ICE (Upstate Biotechnology), anti-Fyn (Up- 
state Biotechnology), anti-phospho-ERK-l/-2 (New En^and Bio- 
labs), anti-Q)p32 (Transduction Laboratories, Lexington, KY), 
anti-Caspase-9 (PharMingen), anti-CD3f (ID4; PharMingen), 
anti-CD28 (PharMingen), and anti-CD69 (FN50; PharMingen). 
Antibodies of anti-Bcl-2 (1(M)), anti-Cbl (C-15), anti-LAT (Q-20), 
anti-poly(ADP-ribose) polymerase (PARP) (H-25b), anti-PLCrl 
(530), anti-SLP-76 (K-20), anti-Vav (C-14), and anti-ZAP70 (LR) 
were purchased from Santa Cruz Biotechnology. Phorbol 12- 
myristate 13-acetate and Concanavalin A (ConA) were obtained 
from Sigma. CsA was generously provided by Chong Kun Dang 
(Seoul, Korea), and tautomycin was purchased from WAKO 
Biochemicals (Osaka). 

Separation and Purification of TMC Streptomyces spi CK^12, iso- 
lated from forest soil on Cheju Island, Korea, was cultured at 28°C 
for 65 h in Erlenmeyer flasks containing a medium composed of 
soluble starch, 3%; soybean flour, 1^%; com steep liquor, 1.5%; 
polypeptone, 0.2%; Na2S203, 0.1%; CaCOa, Oi%; and allophosite, 
1%. After centrifugation, the supernatant (6.9 liters) was extracted 
with EtOAc, and the extracts were evaporated in vacuo. The 
extracts were then applied to LH-20 and silica gel column devel- 
oped with the sokent, CHQayi-hexaneracetone AcOH (10:5:3:0.1). 
Active fraction called CKD-722 was collected and concentrated 
in vacuo to give a yellowish oily material, and further purifica- 
tion and identification were performed with HPLC by using an 
octadesyl silane (ODS) column, NMR, and electrospray ioniza- 
tion-MS analysis. 

Murine Mixed Lymphocyte Reaction (MLR) Assays and lL-2 EUSA. For 

murine MLR assays, the immunosuppressive activity of active 
fractions and TMC was assessed with mbced lymphocyte reactions, 
as previously described (8). For IL-2 ELISA, 1 x 10^ human 
primary T cells were activated by using 1 ptg/nil of OKT3 and 0.5 
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fig/mi of anti-CD28 mAb for a given time in microweil plates. 
Supematants were harvested, and IL-2 ELISA was performed 
according to the manufacturer's protocol. Briefly, 100 /itl of diluted 
capture Ab was coated in 96-microweU plates for 12 h at 4''C and 
blocked for 1 h at room temperature. Reaction was performed by 
using detection Ab and horseradish peroxidase-conjugated avidin. 
Wells were washed seven times, and tetramethyl-benzidine (TMB) 
substrate was added to each well. Fifty microliters of stop solution 
was added, and absorbance was measured at 450 nm within 30 min. 
For correction, the following equation was used: 

Corrected value of absorbance = absorbance at 570 nm - 
absorbance at 450 nm. 

Immunoprecipitation and Immunoblot Analysis. After incubation of 
3 X 10' CD8-f transfectants, primary human T or B cells at 3TC 
for 5 min with crosslinked 0KT8 mAb (1 /jig/1 X 10^ cells), 0KT3 
mAb (1 /ig/1 X 10^ cells) and anti-CD28 mAb (0.5 jU-g/1 x 10^ cells) 
or anti-BcR mAb (1 /Jtg/l x 10^ cells), respectively, cells were 
solubilized in lysis buffer (10 mM Tris/50 mM NaQ/S mM 
EDTA/50 mM NaF/30 mM sodium pyrophosphate/100 /JtM 
Na3VO4/200 /uiM PMSF/10 /ig/ml of leupeptin/5 jLtg/ml of apro- 
tinin, 1% Nonidet P-40). Tyrosine-phosphorylated proteins were 
immunoprecipitated with 4G10 mAb coupled to agarose beads 
(Upstate Biotechnology), and immunopredpitates or total cell 
lysates were fractionated by SDS/PAGE and transferred to 
Inmiunobilon-P (Millipore). Membrane was blocked in TTBS 
buffer [100 mM Tris-HCI (pH 7.5)/150 mM Naa/0.1% Tween-20] 
with 4% BSA, then immunoblotted with the indicated antibodies. 
Hie membrane was washed and incubated with horseradish 
peroxidase-conjugated secondary antibodies, and developed with 
enhanced chemiluminescence (Amersham Pharmacia). 

Heterotopic Cardiac Allograft. The microsurgical technique of heart 
transplantation in rat was done by double anastomosis. With ether 
anesdiesia, the abdomen of the Lewis rat was opened and bled by 
cutting the abdominal aorta and its chest opened. After perfusion 
of heart through the ascending aorta with cold saline solution, the 
heart was removed from the mediastinum after the division of the 
trachea and placed in a beaker containing cold saline. The abdomen 
of the recipient Wistar rat was opened by midline incision. The 
Lewis heart was placed within the abdominal cavity, and end-to- 
side anastomosis was done by sewing the pulmonary artery and 
aorta to the inferior vena cava and abdominal aorta of the Wistar, 
respectively. Soon after perfusion, regular beating of the heart 
followed the ventricular fibrillation. The intestine was returned to 
the abdomen, and the abdominal wall was closed. 

Apoptosis Assays. Cell death was confirmed by detecting DNA 
fragmentation. Briefly, 5 x 10^ cells were lysed in X2 lysis buffer 
(200 mM Hepes, pH 15/2% Triton X-100/400 mM NaCl/20 mM 
EDTA) and incubated with RNase at 3TC for 1 h. DNA was 
extracted with phenol and precipitated with 5 M ammonium 
acetate and 2.5 volume of 100% ethanol and then analyzed by 
electrophoresis on 2% agarose gel. Also, for cell viability analysis, 
1 X 10^ cells were determined by staining with propidium iodide 
(PI) and analyzed on a FACScan (Becton Dickinson). 

Transient Transfection. Jurkat TAg cell lines were transiently trans- 
fected with 5 ptg of plasmid DNA by using Superfect transfection 
reagent (Qiagen, Hilden, Germany). Cells (3 X 10*^) were washed 
once widi PBS and plated to a 60-mm dish. Plasmid DNA was 
incubated for 10 min at room temperature in serum-free medium 
containing Superfect. After the DNA-Superfect complexes were 
added dropwise to the cells in a 60-mm dish, the ceils were 
incubated in fresh medium for 36 h. 

Results 

Identification of TMC as an Immunosuppressor. We isolated a large 
number of actinomycete strains from forest soil on the volcanic 




Fig, 1. Structure of TMC 



Cheju Island in Korea, Appropriate dilutions of culture broth after 
centrifiigation were included in mouse MLR to examine their 
inhibitory effects on T cell proliferation. The culture broth of 
Streptomyces sp. CK-4412 showing the strongest inhibition of T cell 
proliferation in MLR was prepared on a large scale and then 
applied to an LH-20 and silica gel chromatography column. The 
active fraction, called CKD-722, was collected and further purified 
by HPLC by using an ODS column. CKD-722 prepared in MeOH 
showed characteristic UV absorption at 268 nm, and the main 
absorption band in I R spectrum appeared at 1,825, 1,760, 1,730, and 
1,700 cm"*. From the analysis of electrospray ionization mass 
spectrometry (m/z 661, M + CH3OH + Na) and and ^^C NMR, 
CKD-722 was identified as TMC (Fig. 1) . TMC was originally found 
as a new antifungal antibiotic produced by Streptomyces griseochro- 
mogenes (8), 

Inhibition of T Cell Proliferation and Activation by TMC The inhibi- 
tory effect of TMC on T cell proliferation was confirmed in the 
MLR between splenocytes of BALB/c and mitomycin C-treated 
splenocytes of C57BL/6 in the presence of serial dilutions of TMC 
or CsA, the most frequently used inmunosuppressor. The level of 
inhibition of MLR by TMC was 100-fold hi^er than that by CsA, 
and die IC50 of TMC and CsA were 7.8 and 417 nM, respectively 
(Fig. 24). Similar levels of proliferation inhibition were observed in 
mouse splenocytes stimulated with the mitogen Con A (Fig. 2B), 
Also, similar kinetics of inhibition by TMC or CsA was observed in 
rat splenocytes. Induction of IL-2 gene expression, CD69, and 
IL-2Ra chain surface expression has been well documented as 
valuable markers for TcR-distal activation events (9). The potency 
of TMC in the IL-2 secretion assay in human primary T cells is 
similar to that of CsA in contrast to its more potent inhibitory 
activity than that of CsA in murine MLR and murine spleen cell 
proliferation in response to Con A. This result demonstrated that 
TMC possesses immunosuppressive activity to inhibit the prolifer- 
ation of T cells by inhibition of 11^2 secretion (Fig. 2C). In contrast 
to cells pretreated with CsA, the surface expression of CD69 or 
I1^2Ra chain was not induced in Jurkat T cells pretreated with 
TMC after TcR stimulation (data not shown). These results indi- 
cated that TMC has the capacity to inhibit the intracellular signaling 
pathway leading to T cell activation and proliferation, and its 
mechanism of action might be different from that of CsA 

TMC Inhibits T Cell*Spectfic Tyrosine Phosphorylation Induction in 
TcR-Proximal Signaling. The membrane-proximal signaling events 
initiated by the TcR complex are activation and recruitment of 
protein tyrosine kinases and subsequent phosphorylation of cellular 
proteins (10, 11). To identify the signaling event targeted by TMC 
in the TcR-mediated signaling pathway, inhibition of tyrosine 
phosphorylation of various intracellular substrates by TMC was 
examined in primary human T cells. TMC blocked the phosphor- 
ylation of tyrosine residues on several specific cellular proteins in T 
cells stimulated by inunobilized OKT3 mAb (Fig. 34). The inhibi- 
tion of tyrosine phosphorylation by TMC is dose- and time- 
dependent (data not shown), and induction of tyrosine phosphor- 
ylation was not influenced by CsA as expected. This result raises the 
possibility that TMC may blocdc tyrosine phosphorylation of intra- 
cellular signal mediators like genistein or herbimycin (12). To rule 
out this possibility, induction of tyrosine phosphorylation of intra- 
cellular proteins was examined in the human primary B cells after 
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Fig. 2. Inhibition of proliferation and activation of T cells by TMC (A) MLR was 
set up by cuJturing splenocytes of BALB/c mouse with mitomycin C-treated 
allogenic spleen cells of mouse C57BL/6 in the presence of TMC (•), CsA (O), or 
aemophor-ELonly (□). (fi) Spleen cells from BALB/c were stimulated with Con A 
(Sigma) for 48 h in the presence of TMC (•) (CsA (O) or cremophor-EL only {□), and 
then [^H] thymidine incorporation was measured. (O Human primary T cells 
(1.0 X 10^) were pretreated with TMC (1 /ig/ml, CsA (1 fig/ml, O), or aemo- 
phor-EL only (□), and then stimulated with OKT3 mAb (10 ^/mO and anti-CD28 
mAb (0.5 ftg/ml) at 37*C for 24 h. 

B cell receptor (BcR) stimulation by anti-BcR mAb (13). As shown 
in Fig. 35, TMC, C^A, or solubilizing reagent cremophore-EL did 
not affect the BcR-induced tyrosine phosphorylation of intracel- 
luJar signaling molecules. As expected, genistein inhibited the 
induction of tyrosine phosphorylation in both T and B cells on 
receptor stimulation (data not shown). Specificity of TMC on 
activated T cells was further confirmed in Fig. 4B, where activated 
or resting human primary T and B cells were used. Therefore, TMC 
specifically inhibits the tyrosine phosphorylation of T cell-specific 
intracellular signal mediators involved in the T cell activation- 
signaling pathway. 

To identify the target molecule affected by TMCT, we examined 
tyrosine phosphorylation induction of several key molecules par- 
ticipating in TcR-proximal or -distal signaling events in the presence 
of TMC by using the CD8-f Jurkat transfectant In this transfectant, 
induction of tyrosine phosphorylation of intracellular proteins was 
observed on stimulation of CD8-f chimera by OKT8 mAb, whose 
pattern was qualitatively and quantitatively similar to that induced 
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Fig. 3. T cell-specific inhibition of tyrosine phosphorylation on intercellular 
signal mediators by TMC (A) Human primary T cells were pretreated with TMC (1 
/ig/ml) or CsA (1 njQ/m\) for 5 h. Then cells were stimulated with immobilized 
0KT3 mAb (10 /ig/ml) and rabbit anti-mouse IgG (10 /ig/ml) for the indicated 
times, (fl) Human primary B cells were pretreated with TMC (1 fig/ml). CsA (1 
;ig/ml), or solubilizing reagent (cremophore) for 5 h and then stimulated with 
goat anti-human IgM F (ab')2 for the indicated times. The lysates of cells were 
subjected to 10% SDS/PAGE under reducing conditions and then immunoblotted 
with anti-phosphotyrosine Ab 4G10. (O CD8-f Jurkat transfectants or primary 
human B cells were pretreated for 5 h with or without TMC (1 ^/ml) and then 
stimulated with OKT8 mAb (10 /ig/ml) and rabbit anti-mouse IgG (10 /ig/ml) or 
goat anti-human IgM F {ab')2 (10>g/ml) for 5 min, respectively. Immunoprecipi- 
tates or total lysates were resolved by SDS/PAGE and immunoblotted with the 
indicated antibodies. Treatment of cells with these drugs for 5 h did not induce 
cell death. An equal amount of protein was loaded in each well, which was 
confirmed by Ponceau S staining and immunoblotting with the anti-ZAP-70 mAb. 



by TcR crosslinking (14, 15). In the presence of TMC, the intra- 
cellular domain of f chain, ZAP-70 tyrosine kinase, immune- 
specific adapters such as LAT and SLP76, ubiquitous adapter c-Cbl, 
PLC-7, Vav, and MAP kinase ERK were not tyrosine phosphor- 
ylated, which have been characterized to be downstream of Lck and 
Fyn in TcR signaling cascade (Fig. 3C) (16). Surprisingly, tyrosine 
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Fig. 4. T cell-specific induction 
of apoptosis by TMC. (A) The pri- 
mary T and B lymphocytes and 
HeLa cells were incubated for 10 h 
with the medium alone or various 
concentrations of TMC. Ceils were 
lysed, and DNA fragmentation 
was analyzed by electrophoresis. 
(8) The primary human T lympho- 
cytes were preincubated without 
(O) or with {•) immobilized 0KT3 
mAb (10 /tg/ml), and B lympho- 
cytes were preincubated without 
(V) or with (T) goat anti-human 
IgM F{ab')2 for 3 h. and then 
treated with TMC (1 ^/ml) for 5 
h. Cell viability was determined by 
staining with PI and measure- 
ment by flow cytometry. (O iur- 
kat T cells were incubated with 
various concentrations of TMC for 
5 h. Cell lysates were subjected 
to SDS/PAGE under reducing 
condition (anti-PARP blot, anti- 
caspase-3 blot, anti-caspase-9, 
and anti-Bcl-2 blot), and native 
PAGE under nonreducing condi- 
tions (anti-caspase-1 blot), and 
then immunoblotted with the in- 
dicated antibodies. As positive 
controls for the cleavage of these 
molecules, cells were stimulated 
with NIH 3T3 transfectant stably 
expressing human FasL. (O) Jurkat 
T cells (3 X 10^) stably expressing 
high level of SV40T antigen were 
transfected by using Superfect 
transfection reagent with null 
vector (gray) or bcl-2 expression 
vector (black). Cells were treated 
for 5 h with TMC (1 or 10 *i^/ml) 
after transfection and then ana- 
lyzed by PI staining assay. (£) The 
primary human T lymphocytes pu- 
rified from peripheral blood us- 
ing FicoM vvere pretreated with 
TMC (1 p,g/ml) for 5 h. Cells were 
then stimulated with immobi- 
lized 0KT3 mAb (10 /ig/ml) for 5 
min. Lysates were immunopre- 
cipitated with anti-p-Tyr-conju- 
gated agarose beads, and the pre- 
cipitates were immunoblotted 
with anti-PI-3K/p85 mAb. For 
antl-phospho-Aki anti-phospho- 
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Bad, and anti-PI-3k/p85 blots, the lysates were immunoblotted with the indicated antibodies. An equal amount of protein was added in each lane, which 
was confirmed by Ponceau S staining and immunoblotted with the anti-PI-3K/p85 mAb. 



phosphorylation of Lck and Fyn and their kinase activity was not 
influenced, suggesting that TMC targets a signal mediator between 
ZAP-70 and Lck or Fyn tyrosine kinase in TcR-mediated signal 
transduction cascade. A similar pattern of tyrosine phosphorylation 
inhibition was observed with primary human T cells stimulated by 
OKT3, and anti-CD28 mAb in the presence of TMC (Fig. 6, which 
is published as supporting information on the PNAS web site, 
www.pnas.org). However, Lyn tyrosine kinase specifically induced 
on BcR stimulation was not influenced by TMC. 

T Cell-Specific Induction of Apoptosis by TMC. Triggering pro- 
grammed cell death in activated T lymphocytes is one of the most 
important regulatory mechanisms of the immune response (17). 
TMC induced DNA fragmentation of primary T cells using con- 
centrations as low as 1.7 nM, Primary B cells showed minimal cell 



death at high concentrations of TMC, and apoptosis was not 
observed in HeLa cells in the presence of TMC (Fig. 4A), Induction 
of apoptosis was quantitatively confirmed by PI and annexin V 
staining, and CD4^ and CDS"^ T cells did not show any difference 
in the level of apoptosis induction by TMC (Fig. 7, which is 
published as supporting information on the PNAS web site). The 
purified activated human T cells showed much higher sensitivity to 
TMC than resting T cells or activated or resting B cells (Fig. 4B). 
This result is consistent with the mechanism of action of TMC, 
which inhibits tyrosine phosphorylation induction of T cell-specific 
intracellular signal mediators. 

Two independent apoptotic-signaling pathways triggered by the 
ligation of death receptors or various forms of cellular stress have 
been proposed, and these two pathways converge on the activation 
of downstream caspase-3, -6, -7, -9 (18). To investigate the molec- 
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Table 1. In vivo immunosuppressive effect of tautomycetin on 
graft survival after heterocardiac transplantation in rat 
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5 


i,p. 10 
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CsA/cremophor-EL 


5 


Lp, >100 


2 


Tautomydn/PBS 


0.05 


t.p. 10 


3 


TMC/PBS 


0,05 


i.p. >160 


12 


TMC/ME 


0.03 


l.v. >160 
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The Lewb rat heart was transplanted in the abdominal cavity oftheWistarrat 
by microsurgical anastomosis. After the heterotopic heart transplamation, the 
recipient was given CsA (5 mg/kg of rat weight optimally fomiulated in cremo- 
phor-€L solution) for 40 days, tautomycin (0,05 mg/kg of rat weight and solubi- 
lized in PBS), or TMC (0.03 or 0,05 mg/kg of rat weight and solubilized in PBS or 
in miaoemulsion form (ME) for 30 days. Graft survival was monitored by exam- 
ining the heartbeat through the abdominal wall, and anatomical examination 
was done on 100th or 160th day after heterocardiac transplantation. 

ular mechanism of apoptosis induction by TMC, deavage of 
downstream effector caspases and their key substrates was exam- 
ined (Fig. AC), BcI-2, which was known to bind to mitochondria and 
inhibit the release of cytochrome c, was cleaved as a consequence 
of TMC treatment in a dose-dependent fashion, and overexpression 
of Bci-2 in Juiicat TAg cell line abrogated the apoptotic effect of 
TMC (Fig. 4D) (19). Similar kinetics of cleavage was observed in 
downstream caspase-9, caspase-3-like protease, and PARP. How- 
ever, caspase-l-like protease (20), whidi was cleaved by natural Fas 
ligand stimulation, was not affected by TMC treatment. Z-VAD- 
fink, which was known to inhibit the ftinction of caspase-1 and -8, 
inhibited the TMC-induced apoptosis in a dose-dependent manner 
(Fig. 8, which is published as supporting information on the PNAS 
web site). This finding suggested involvement of caspase-8 in 
TMC-mediated apoptosis induction via mitochondria. These results 
indicated that T cell-specific induction of apoptosis by TMC is in 
part mediated by Bd-2 cleavage, leading to the release of cyto- 
chrome c, which facilitates binding of Apaf- to caspase-9 in its 
presence and subsequent activation of caspase-8 and -3 in apoptosis 
induction signaling pathways. 

In recent studies, the serine/threonine kinase Akt is emerging as 
a key molecule invoh^ed in regulating cell survival in a variety of 
models (21). To investigate the involvement of PI-3 kinase, Akt, and 
BAD in T cell-specific apoptosis induction by TMC, the induction 
of phosphorylation of PI-3 kinase, Akt, and BAD was examined in 
the presence of TMC by using the primary T cells stimulated by 
immobilized OKT3 mAb. As shown in Fig. 4£, TMC significant^ 
inhibited the phosphorylation of Akt and BAD, suggesting that 
these three molecules might be responsible for the possible func- 
tional crosstalk between inhibition of T cell activation and induction 
of T cell-specific apoptosis by TMC. 

Immunosuppressive Effect of TMC in Vivo, To assess the in vivo 
immunosuppressive effect of TMC, we measured allograft survival 
in rats treated with either TMC or CsA after heterotopic cardiac 
transplantation (22). The mean graft survival without administra- 
tion of any immunosuppressor or solubilizing reagent was only 95 
days, compared with more than 100 days for an isograft. The 
recipient was treated with CsA (5 mg Ag of rat weight) optimally 
formulated in cremophor-EL polyethoxyethylated castor oil solu- 
tion for 40 days or with several different doses of TMC solubilized 
in PBS or in microemulsion form for 30 days after heterocardiac 
transplantation. As shown in Table 1, graft survival was prolonged 
for more than 100 days in the CsA-treated group. The grafted heart 
survived for more than 160 days in groups of rats treated with TMC 
using a dose as low as 0.03 mg/kg, and the level of graft survival was 
observed in a dose-dependent manner. On histological examination 
on the 160th day after transplantation, the cardiac muscle cells, 

Shim et al. 



vascular architecture, and renal tubes were well preserved, and T 
cell infiltration was minimal in the recipient. Biochemical analysis 
of GOP, OTP, glucose, and creatine levels in blood after admin- 
istration of TMC up to 5 mg/kg in rats for 30 days did not show any 
significant liver and kidney toxicity (see Table 2, which is published 
as supporting information on the PNAS web site). In contrast to 
TMC, tautomycin did not show any immunosuppressive effect in in 
vivo heart allograft transplantation. These results demonstrated 
that the in vivo immunosuppressive activity of TMC is as effective 
as CsA in an m vivo organ transplantation model, and the immu- 
nosuppressive effect of TMC can be improved even more if the 
pharmacological formulation of TMC is optimized. 

Discussion 

A new Streptomyces strain was isolated from the soil of volcanic 
Cheju Island, which produces a novel inmiunosuppressive mol- 
ecule. The active compound was purified through various chem- 
ical methods and identified as TMC, which was originally found 
as an antifungal antibiotic. A comparable level of inhibition of 
T lymphocyte proliferation induced by mouse MLR or the 
mitogen Con A was observed with a 100-fold lower concentra- 
tion of TMC than CsA. Although the induction of IL-2 gene 
expression was inhibited by both TMC and CsA, TMC showed 
the inhibition of the surface expression of CD69 or IL-2Ra 
chain. These findings suggested that TMC has the capacity to 
inhibit the intracellular signaling pathway leading to T cell 
activation and proliferation, and its mechanism of action is 
different from that of CsA. 

Among the intracellular signaling events proximal to the TcR 
complex, TMC inhibited T lymphocyte activation by blocking the 
tyrosine phosphorylation induction of the T cell-specific signal 
mediator in a dose- and time-dependent manner on TcR stimula- 
tion. This inhibitory effect of TMC was not observed in primary B 
cells when BcR was engaged by anti-BcR mAb. Further analysis of 
the tyrosine phosphorylation state of individual key signaling 
molecules in the T cell activation pathway demonstrated that TMC 
inhibited T lymphocyte activation by blocking the tyrosine phos- 
phorylation induction of T cell-specific signal mediators located 
between Lck or Fyn tyrosine kinase and ZAP-70 tyrosine kinase. 
The molecule downstream of these two kinases might be the target 
of TMC. A recent study supported the concept that TcR antago- 
nism can occur through the generation of an inhibitory signal within 
the TcR complex, and the inhibitory effect can be exerted through 
the action of proteins that specifically bind partially phosphorylated 
{. Binding proteins could be unknown inhibitory phosphatases 
brought into the vicinity of TcR or imknown positively acting 
kinases present in a limited amount. Alternatively, one of these 
binding proteins might be the target molecule of TMC. 

Surprisingly, the T cell-specific inhibition of tyrosine phosphor- 
ylation induction by TMC triggered T cell-specific apoptosis via 
Bcl-2, caspase-9, caspase-3, and PARP cleavage, but not via 
caspase-1 activation. Protection of TMC-induced apoptosis by Bcl-2 
overexpression confirmed this pathway. However, partial protec- 
tion, not complete abrogation, of TMC-induced apoptosis by Bcl-2 
overexpression might suggest the possible roles of other members 
of the Bcl-2 gene family in TMC-mediated apoptosis induction via 
mitochondria. Inhibition of phosphorylation of PI-3 kinase, Akt, 
and BAD by TMC demonstrated that Akt and BAD might be 
important signal communicators between TMC-mediated inhibi- 
tion of T cell activation and apoptosis induction. The observation 
that the aaivated human primary T cells showed much higher 
sensitivity to TMC than resting T cells or activated or resting B cells 
is consistent with the results that TMC inhibited the tyrosine 
phosphorylation induction of T cell-specific signaling molecules. 

Both TMC and tautomycin exist naturally in two tautomeric 
forms, which resulted in similar chemical names being coined, 
Tautomycin, which is known to be a specific inhibitor of serine/ 
threonine protein phosphatases PPl and PP2A, shares a partial 
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structural moiety with TMC due to its tautomeric property (23). 
However, the functional moieties in tautomycin necessary for its 
inhibitory activity to PPl and PP2A (C22-C26) and apoptosis- 
inducing activity (C1-C18) do not exist in TMC. Higher concen- 
trations (10^ /ig/ml) of tautomycin were required to exert a similar 
level of apoptosis by TMC, and T cell-specffic apoptosis induction 
was not observed with tautomycin. In contrast to TMC, tautomycin 
did not show any immunosuppressive activity in in vivo heart 
allograft transplantation. 

Two recent papers (24, 25) demonstrated that protein phospha- 
tase PPl is targeted to microtubules by the microtubule-associated 
protein t, and associates with and activates the actin-binding protein 
cofilin in human T lymphocytes, and regulate its polymerization 
through phosphorylation. Phosphorylation of cytoskeleton or its 
associated proteins plays an important role in T cell activation. 
These results strongly support the inhibitory effect of TMC on T cell 
activation. PPl exists ifi vivo as multiple holoenzymes composed of 
catalytic subunit and several targeting or regulatory subunits, and 
the action of PPl in vivo is thought to be controlled by the regulatory 
subunits. In our results, TMC might act on the unknown regulatory 
subunits of PPl in T cell-spedfic manner. 

Several possible mechanisms by which TMC induces activated T 
cell-specific apoptosis can be suggested- TMC might not act on the 
apoptotic machinery directly, but by preventing the early T cell 
activation pathway, it creates a form of intracellular stress and then 
activates mitochondria-mediated apoptosis signaling. Alternatively, 
inhibition of activation of an intracellular target molecule on T cell 
stimulation directly triggers the apoptosis signal transduction path- 
way via caspase-3 and -8. Thus TMC induces the cleavage of the 
anti-apoptotic protein Bcl-2 and the release of cytochrome c from 
mitochondria and then activation of caspase-9 complexed with 
Apaf-1 leading to caspase-3 activation, the executioner for apopto- 
tic cell death. Another possibility is that inhibition of T cell 
activation by TMC may block the activation of Akt, the cell survival 
signal, leading to the activation of the pro-apoptotic molecule, 
BAD, by preventing its phosphorylation (Fig. 5). The in vivo 
immunosuppressive effect of TMC was tested in the heterotopic 
cardiac allograft rat model, and 100-fold lower concentrations of 
TMC than CsA increased graft survival up to more than 160 days, 
which is quite comparable to the in vivo effect of CsA. Adminis- 
tration of TMC up to 5 mg/kg in rats did not show any significant 
liver and kidney toxicity, high glucose level in biochemical analysis 
of blood, or histological abnormality such as renal tubular damage 
(Table 2). 

In conclusion, we identified an immunosuppressor, TMC, from 
a Streptomyces strain from the soil of volcanic Cheju Island that acts 
very specifically on activated T cells. Its mechanism of action is 
different from that of CsA and FK506, and the level of cytotoxicity 
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Fig. 5. Proposed mechanism of action of TMC. TMC inhibits the tyrosine 
phosphorylation of T cell-specific intracellular signal mediator between 
2AP-70 and Lck or Fyn tyrosine kinase In TcR-mediated signal transduction 
cascade. Inhibition of tyrosine phosphorylation by TMC induces activation 
of caspase-3 that can cleave the antiapoptotic protein Bcl-2 and then 
activation of caspase-9 complexed with Apaf leading to subsequent PARP 
cleavage and DNA fragmentation. Alternatively, inhibition of T cell acti- 
vation may block the activation of Akt leading to activation of proapopto- 
ttc molecule. Bad. 



of TMC on various organs was much lower than that of CsA when 
administered in vivo. The microemulsion preparation of TMC used 
in these experiments may be a suboptimal formulation, so there may 
be considerable room for improvement of the immunosuppressive 
effects. Furthermore, it can be also used in combination therapy 
with much lower doses of the current immunosuppressors and as a 
bioprobe to dissect the complex intracellular signaling pathways in 
T cell activation. Studies are being undertaken to identify the 
specific target molecules of TMC in the signal transduction pathway 
of T cell activation, as well as its chemical modification and optimal 
drug formulation for efficient clinical administration. 
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Sir: 

I, Sheaman Fong, Ph.D. declare and say as follows: - 

1. I was awarded a Ph.D. in Microbiology by the University of California at Davis. CA in 
1975. 

2. After postdoctoral training and holding various research positions at Scripps Clinic and 
Research Foundation, La Jolla, CA. I joined Genentech, Inc., South San Francisco, CA in 
1987. I am cuirently a Senior Scientist at the Department of Immunology/Discoveiy 
Research of Genentech, Inc. 

3. My scientific Curriculum Vitae is attached to and forms part of this Declaration. 

4. I am familiar with the Mixed Lydphocyte Reaction (MLR) assay, which has been used 
by me and others under my supervision, to test the immune stimulatory or immune 
inhibitory activity of novel polypeptides discovered in Genentech's Secreted Protein 
Discovery Initiative project. 

5. The MLR assay is a weU known and widely used proliferative assay of T-ceU function, 
the basic protocols of which are described, for example, in Current Protocols in 
Immunology Vol. 1, Richard Coico, Series Ed.. JohnWiley & Sons, Inc.. 1991. Unit 3.12. 
(Exhibit A). This pubUcation is incorporated by reference in the description of the MLR 
protocol in the present application. 
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6. The T-lymphocytes or "T-ceUs" of our immune system can be induced to proliferate by a 
variety of agents. The MLR assay is designed to study a particularly important induction 
mechanism whereby responsive T<eUs are cultured together (or "mixed"), with other 
lymphocytes that are "allogpneic". e.g. lymphocytes that are taken from different 
individuals of the same species. In the MLR protocol of the present appUcation. a 
suspension of PBMCs that includes responder T^ells, is cultured with allogeneic PBMCs 
that predominanUy contain dendritic ceUs. According to the protocol, the allogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad. This irradiation is done in 
order to create a sample of cells that has mainly dendritic cells. It is known that the 
dendritic ceU population among the PBMCs are differcntiaUy affected by irradiation. At 
low doses (500-1000 Rad). the proBferation of most ceUs. including the B cells in the 
PBMCs. is preserved, however, at doses above 2000 Rad, this function of B cells is 
abolished. Dendritic cells on the other hand, maintain their antigen presentation fiinction 
even at a 3000 Rad dose of radiation. (See. e.g. Oirrent Protocols in ImmunoloRY» supra, 
at 3.12.9). Accordingly, under the conditions of the MLR assay used to test the PRO 
polypeptides of the present invention, the stimulator PBMCs remaining after irradiation 
are essaitially dendritic cells. 

7. Dendritic cells are the most potent antigen-presenting cells, which are able to "prime- 
naive T cells m vivo. They carry on then- surface high levels of major histocompadbiUty 
con^Iex (MHC) products, the primary antigens for stimulating T-cell proliferation. 
Dendritic cells provide the T-ceUs v/ith potent and needed accessory or costimulatory 
substances, in addition to giving them the T-cell maturing antigenic signal to begin 
proliferation and cany out their fiinction. Once activated by dendritic cells, the T-ceUs 
are capable of interacting with other antigen presenting B cells and macrophages to 
produce additional immune responses firom these ceUs. For further details about the 
properties and role of dendritic cells in immune-based therapies see. e.g. Steinman. Drug 
Npws Persoect. 13(10):581-586 (Exhibit B). 

8. The MLR assay of the present appUcation is designed to measure the abiUty of a test 
substance to "drive" the dendritic cells to induce the proliferation of T-cells that are 
activated, or co-stimulated in the MLR. and thus identifies immune stimulants tiiat can 
boost the immune system to respond to a particular antigen tiiat may not have been 
immunologically active previously. 
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9. Such imnmnestinmlants find important clinical appUcati 

known inunune stimulant, which has been shown to stimulate T-cell proliferation in the 
MLR assay^ IL- 12 was first identified in just such an MLR [Gubler et al. PNAS 88, 
4143 (1991) (Exhibit PJ. hi a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics histitute (Cambridge. MA) have demonstrated the 
efficacy of the approach, relying on the immune stimulatory activity of IL-12, for the 
treatment Of melanoma, p^t^rgnn at al. Journal of Clinical Oncology 21 (12). 2342-48 
(2(X)3) (Exhibit D)] They extracted chculating white blood cells carrying one or more 
markers of melanoma cells, isolated the antigen, and returned them to tfie patients. 
Normally patients would not have an immune response to his or ho- own human antigens. 
The patiOTts wore theffl treated with different doses of IL-12, an inimune stirnulant 
capable of mducing the proliferation of T cells that have been co-stimulated by dendritic 
cells. Due to die immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to eadiet work, where patients' own dendritic cells were prepared 
fit>m peripheral blood mononuclear cdls (PBMCs), treated witii antigens, then cultured 
in vitro and returned to the patient to stimulate anti-canc«- response. (Ihumer et al. L 
Rxp.Med. 190 (1 1). 1669-78 (1999) (Exhibit E)]. 

10. It is my considered scientific opmion tiiat a PRO polypeptide shown to stimulate T-cell 
proliferation in the MLR assay of tiie present invention with an activity at least 180% of 
tiie control, as specified in the present appUcation, is expected to have die type of activity 
as tfiat exhibited by IL-12, and would thercfrae find practical utility as an immune 
stimulant Some PRO polypeptides do tfie reverse, and give mhibition of T-ceU 
proliferation ui the MLR assay. It is my considered sciaitific opinion tiiat a PRO 
polypeptide shown to inhibit T-ceU proliferation m die MLR assay where the activity is 
observed as 80% or less of Uie control, as specified in the present appUcation, would be 
expected to find practical utiUty when an inhibition of die immune response is desired, 
such as in autouiumme diseases. 
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International Immunology, Molecular CeD Biology, and Gastroaiterology 



Biotechnology Experience 

Established at Genentech in 1987-1 989 within the Immunobiology Laboratory, in Ae Department of 
Pharmcological Sciences, group to study fte immunogenicity of recombinant hGH (Protropin®) m hGH 
transgenic mice. 

Served as Immunologist on the Biochemical Subteam for Protropin® Project team. 

Served as Immunologist on die Met-less hGH and Dnase project teams, two FDA approved biological 
drugs: second generation hGH Nutropin® and Puhnozyme® (DNase), 

Served immunologist inl989-1990 on the CD4-IgG project team carrying out m vitro 
hnmunopharmacological studies of the effects of CD4-IgG on the in vitro human immune responses to 
mitogens and antigens and <hi neutrophil responses in st^port of Ae filmg of IND to FDA in 1990 for use 
of CD4-IgG m the p^vention of HIV infectioa Product was dropped. 

In 1989-1991« initiated and carried research and development work on antibodies to CDl lb and CDl 8 
chains of the leukocyte P2 integrins. Provided precifaiical scientific data to Anti-CD18 project team 
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supporting the advancemwit of humanized anti-CDl 8 antibody as anti-inflammatory in the acute setting. 
IND fHed in 1996 and cuirently under clinical evaluation. 



1993-1997, Research Project Team leader for small molecule a4pi integrin antagonist ]Koject Lead^ 
for collaborative multidisciplinaiy team (N=l 1) conqxjsed of immunologists, molecular/cell biologis^ 
protein engines, pathologists, medicinal chemists, phannacologists, pharmaceutical chemists, and clinical 
scientists targeting immune-mediated dironic inflammatc»y diseases. Responsible for research project 
plans and executi<m of strategy to identify lead molecules, assessment of biological activities, preclmical 
evahiation in experimental animals, and identification of potential clinical targets. Responsible for 
identification, hiring, and working with outside scientific consultants far imgecL Helped established and 
responsible for maintaining current research collabOTation with Roche-Nuticy. Project transfered to Roche- 
Nutley. 

1998i)resent. worked with Business Devclopmait to identify and create joint development opportunity 
witii LeukoSite (currenfly Mill«mium) for monocloral antibody ^ain^ a4p7 mtergin (LDP-02) for 
ther^utic treatment for inflanmiatory bowel disease (UC and Crdm';s disease). Currendy, working as 
scientific advisor to the core team for phase II clinical trials for LDP-02- 

Currently, Research Project Team Biology Leader (1996-present) for smafl molecule antagonists for 
a4p7/MAdCAM-l targeting tiie treatment of human inflanunatory bowel diseases and diseases of the 
gastrointestinal tract Responsible for leading collaborative team (N*=12) fiom Dq)artments of 
Immunology, PatiioI<^, Analytical Technology, Antibody Technology, and Bio-Orgaaic Chemistry to 
identify and evaluate lead dnig candidates for the treatmwit of gastrointestinal inflammatCHy diseases. 

Seryed for nearly fifteen years as Ad Hoc reveiwer on Genentedi Internal Research Review Committee, 
PrxKluct Development Review Committee, and Phaimacological Sci^ces Review Committee. 

Worked as Scientific advisor witii staff of the Business Development OfiBce on numerous occasions at 
Genentedi, Inc. to evahiate the science of potential in-licensing of novel technologies and products. 

2000-2001 S«ved as Research DiscovCTy representative on Genentedi Therq)e«tic Area Teams 
(Immunology/Endocrine, Puhnonary/Respiratory Disease Task Fotcc) 
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Ti ^vited Svi "tY"'i'w^ T^ectures: 

Session Chanperson and speaker. American Aging Association 12lh Annual National Meeting. San 
Francisco, California, 1982. 

Invited Lecturer, International Symposium, Mediators of Immune Regulation and Immunotheriw. 
UnivOTity of Western Ontario, London, Ontario, Canada, 1985. 

Invited Lecturer, workshop on Human IgG Subclasses, Rheumatoid Factors, and Complement American 
Association of Clinical Chemistry, San Francisco, California, 1987. 

Plenary Lecturer. Fmst International Waaler Conference on Rheumatoid Factors, Bergen, Norway, 1987. 

Invited Lecturer, Course in Immunoriieumatology at the Universite aux Marseilles, MarseUles, France, 
1988. 

Plenary Lecturer. 5fli Mediterranean Congress of Rheumatology, Istanbul. Turkey, 1988. 

Invited Lecturer, Second Annual meeting of tiie Society of Chinese Bioscientist of America, University of 
Califwnia. Beikeley, California, 1988. 

Lecturer at the inaugural meeting of the Immunology by the Bay sponsored by The Bay Area Bioscience 
Center. The P2 Integrins in Acute Inflammation, July 14, 1992. 

Lecturer "Research and Development - An Anatomy of a Biotechnology Company", Univershy of 
CaUfiMnk Bcriceley, Extension Course, given twice a year-Mareh 9. 1995 to June 24, 1997. 

Lecturer "TTw Drug Development Process - Biologic Research - Genomics". University of California. 
Bateley Extension, April 21, 1999. October, 1999. April 2000. October. 2000. 

Lecttircr "The Drug Development Process - Future Trends/Impact of Pharmacogenomics". University of 
California Bokelcy Extension. April 2001, October 2001, April 2002. 

Invited Sneaker. "Targeting of Lymphocyte Integrin o4p7 Attentuates Inflammatory Bowel Diseas«", in 
Sympoiu^ "Nutrient effects on Gene Expression" at the Institute of Food Technology Symposimn, 
June, 2002. 
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Patents : 

Dennis A. Carson, ShOTian Fong, Pojen P. Chen, 

U.S. Patent Number 5,068,177: Anti-idiotype Antibodies induced by Synthetic Polypeptides. Nov, 26, 1991 

Sherman Fong, Caroline A. Hebert. Kyung Jin Kim and Stevm R- Leong. 
U.S. PatKit Number 5,677,426: Anti-IL^ Antibody Fragments, Oct 14, 1997 

Claire M. Doerschuk, Sherman Fong, Caroline A, Hebert, Kyung Jin Kim, Steven R- Leong. U.S. Patent 
Number 5,686,070: Methods for Treating Bacterial Pneumonia, Nov, 1 1, 1997 

Claire M. Doerschuk, Sherman F<Mig, Caroline A. Hebert, Kyung Jin Kim, Steven R. Leong. U.S. Patent 
5,702,946: Anti-IL-8 Monoclonal Antibodies for the Treatment of Inflammatory Disorders, Dec. 30, 1997 

Shwman Fong, Caroline A. Hebert, Kyung Jin Kim, Steven R. Leong. 

U.S. Patait Number 5,707,622: Methods for Treating Ulcerative Colits, Jan. 13, 1998 

Shcraian Fong, N^leone Ferrara, Audrey Goddard, Paul Godowski, Austin Gumey, Kenneth Hillan, and 
Mickey Williams. U.S. Patent Number 6,074,873: Nucleic acids encoding NL-3, June 13, 2000 

Sherman Fong, Ns^wleone Ferrara, Audrey Goddard, Paul Godowski, Austm Gumey, Kennetii Hillan, and 
Mickey Williams. U.S. Patent Number 6,348,351 Bl: The Receptor Tyrosine Kinase Ligand Homologu^. 
February 19,2002 

Patent A pplications : 

Sherman Fong, Kennetfi Hillan, Toni Klassen 

U,S. Fsteat Application: "Diagnosis and Treatment of Hepatic Disorders** 

Sherman Fong, Audrey Goddard, Austin Gumey, Daniel Tumas, William Wood 

U.S. Patent Application: CompositiOTS and Methods for the Treatment of Immune Related Diseases. 

Sherman Fong, Mary Gcrritsen, Audrey Goddard, Austin Gumey, Kennedi Hillan, Mickqf WiUiams, 
William Wood . U.S. Patent Application: Pnanotion or Inhibition of Cardiovasculogenesis and 
Angiogenesis 

Avi Ashkenazi, Sherman Fong, Audrey Goddard, Austin Gumey, Maiy Napier, Daniel Tumas, William 
Wood. US Patent Application: Compounds, Compositions and Metiiods for the Treatment of Diseases 
Characterized by A33-Related Antigens 

Chen, Filvarofl^ Fong, Goddard, Godowski, Grimaldi, Gumey, Hillan, Tumas, Vandlen, Van Lookeren, 
Watanabe, Wlliams, Wood, Yansura 

US Patent Application: IL-17 Homologous Polypeptides and Ther^utic Uses Th^rof 

Ashkenazi, Botstein, Desnoyers, Eaton, Ferrara, Filvaroff, Fong, Gao, Gerber, Gerritsen, Goddard, 
Godowski, Grimaldi, Gumey, Hillan, Kljavin, Mather, Pan, Paoni, Roy, Stewart, Tumas. Williams, Wood 
US Patent Application: Secreted And Transmembrane Polypeptides And Nucleic Acids Encoding The 
Same 
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pphlications: 

I Scibienski R, Fong S, Benjamini E: Cross tolCTance betwerai serologically non-<TOSS reacting forms of 
egg white lysozyme. J Exp Med 136:1308-1312, 1972. 

2, Scibiendd R, Hairis M, Fong S, Benjamini E: Active and inactive states of immunological 
unresponsiveness. J Immunol 1 13:45-50;, 1974. 

3. F<Hig S: Studies on die relationship between the immune re^nse and tumor growtiL Ph D Thesis, 1975. 

4 Benjamini E, "Hieilen G, Torten M, Fong S. Crow S. Henness AM: Tumor vaccines for immunotherapy 
of canine lymphosarooma. Ann NY Acad Sci 277:305, 1976. 

5 Benjamini E, Fong S, Erickson C, Leung CY, Rennick D. Scibienski RJ: Immunity to lymphoid tumors 
iiiduced in syngeneic mice by immunization with mitomycin C treated cells. J Immunol 1 18:685-<93, 
1977. 

6. Goodman JW, Fong S, Uwis GK, Kamm R. Nitecki DE, Der Balian G: T lymphocyte activation by 
immunogenic detenninants. Adv Ejq> Biol Med 98:143, 1978. 

7. Goodman JW, Fong S, Uwis GK, Kamm R, Nitecki DE, Der Balian G: Antigen structure and 
fymphocyte activation. Immunol Rev 39:36, 1978. 

8. Fong S, Nitecki DE, Cook RM, Goodman JW: Spatial requirements of haptenic and carrier determinants 
for T-depeadeat antibody responses. J Exp Med 148:817, 1978. 

9 Fong S, Chen PP, Nitedd DE, Goodman JW: Macrophage-T cell interaction mediated by immunogenic 
and nonimmunogenic forms of a monofunctional antigen. Mol Cell Biochem 25:131, 1979. 

10. Tsoukas CD, Caison DA, Fong S, Pasquali J-L, Vaughan JH: CelhUar requirements for pokeweed 
mitt^ induced autoantiTwdy production in iheumatoid arthritis. J Immunol 125:1 125-1129, 1980. 

1 1. Pasquali J-L, Fong S, Tsoukas CD. Vaughan JH, Carson DA: Inheritance of IgM rheumatoid fiwtor 
idioQT)es. J Clin Invest 66:863-866, 1980. 

12 Fong S, Pasquali J-L, Tswjkas CD, Vaughan JH, Carson DA: Age-related restriction of die light cham 
heterogeneity of anti-IgG antibodies induced by Epstein-Barr virus stimulation of human lymphocytes m 
vitro. Clin Immunol ImmunopaJhol 18:344, 1981. 

13. Fong S, Tsoukas CD, Frincke LA, Uwrance SK, Holbrook TL. Vaughan JH, Caison DA: Age- 
associated changes in ^stein-BaiT virus induced human lymphocyte autoantibody responses. J Immunol 
126:910-914, 1981. 

14. Tsoukas CD. Fox RI, Slovin SF, Carson DA, Pellegrino M, Fong S, PasquaU J-L, Ferrone S, Kung P, 
Vau^ JH: T tymphoeyte-mediated cytotoxicity against autologous EBV-genome-bcaring B cells. J 
Immunol 126:1742-1746, 1981. 

15. Fong S, Tsoukas CD, PasquaU J-L, Fox RI, Rose JE, Raiklen D, Carson DA, Vau^ JH: 
Fractionation of human lyn^hocyte subpopulations on inununoglobulin coated pctri dishes. J Immunol 
Methods 44:171-182, 1981. 

16 PasquaU J-L, Tsoukas CD. Fong S, Carson DA, Vaughan JH: Effisct of Uvamisole on pokeweed 
mitogen stimulation of immunoglobulin production m vitro. Immunopharmacology 3:289-298, 1981, 
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17, Pasquali J-L, Fong S, Tsoukas CD, Bench PK, Vaughan JH, Carson DA: Selective lymphocyte 
deficiency in seronegative Acumatoid artbritis. Arfliritis Rheum 24:770-773, 1981. 

1 8, Fong S, Fox RI, Rose JE, Liu J. Tsoukas CD. Carson DA, Vaughan JH: Solid- phase selection of 
human T lymphocyte subpopulations using monoclonal antibodies, J Immunol Methods 46:153-163, 1981. 

19, Pasquali J-L, Fong S, Tsoukas CD, Slovin SF, Vaughan JH, Carson DA: Different populations of 
Aeumatoid fector idiotypes induced by two polyclonal B ceU activators, pokeweed mitogen and Epstein- 
Barr virus, Clin Immunollmmunopathol 21:184-189, 1981. 

20- Caison DA, Pasquali J-L, Tsoukas CD, Fong S, Slovin SF, Uwrance SK, Slaughter L, Vaughan JH: 
Physiology and padiology of rheumatoid factors. Springer Semm Immunopathol 4:161-179, 1981. 

21. Fox RI, Fong S, SaWiarwal N, Carstens SA, Kung PC. Vaughan JH: Synovial fluid lymphocytes differ 
fiom paipheral blood lynqjhocytes in patients witii iteumatoid arthritis, J Immunol 128:351-354, 1982, 

22, Seybold M, Tsoukas CD, Lindstrom J, Fong S, Vaughan JH: Acetyldiolme receptor antibody 
production during leukoplasmapheresis for Myasthenia Gravis, Ardi Neurol 39:433-435, 1982. 

23 Tsoukas CD, Fox RI, Carson DA, Fong S, Vaughan JH: Molecular inttaactions in human T-cell- 
mediated cytotoxicity to Epstem-Barr virus, 1. Blocking of eflfector cell function by monoclonal antibody 
OKT3. Cell Immunol 69:113-121, 1982. 

24. Sabharwal UK, Vaughan JH, Fcmg S, Bennett P, Carson DA, Curd JG: Activation of the classical 
patiiway of conq}kmwit by rfieumatoid fectors: Assesanent by radioimmunoassay for C4, Arthritis 
Rheum 25:161-167, 1982, 

« 

25. Fox RI. Caretois SA, Fong S, Robinson CA, HoweU F, Vaughan JH: Use of monoclonal antibodies to 
analyze peripheral blood and salivary gland lymirfiocyte subsets in Sjogren's Syndrome. Arthritis Rheum 
25:419, 1982. 

26. Fong S, Miller JJIH, Moore TL, Tsoukas CD, Vaughan JH. Carson DA: Frequencies of Epstein-Ban 
virus inducible IgM anti-lgG B lynvhoqtes in normal children and in children with Juvenile Rheumatoid 
Arthritis. Arthritis Rheum 25:959-965, 1982. 

27 Goodman JW, Nitecki DE, Fong S, Kaymakcalan Z: Antigen bridging in the interaction of T helpw 
ceUs and B cells. Adv Exp Med Biol 150:219-225, 1982. 

28. Goodman JW, Nitecki DE, Fong S, Kaymakcalan Z: Antigen bridging m T cell-B cell interaction: 
Facts or fiction. In: Protein Conformation as Immunologic Signal. EMBO Workshop, Portonenere, Italy, 
1982. 

29. Tsoukas CD, Carson DA, Fong S, Slovin SF, Fox RI, Vaughan JH: Lysis of autologous ^wtein-Barr 
viiiis infected B cells by cytotoxic T lymphocytes of rtieumatoid artiiritis patients. Clin Immunol 
Immunopadtol 24:8-14, 1982. 

30. Fong S, Vau^ian JH, Tsoukas CD, Carson DA: Selective induction of autoantibody secretion in 
human bone marrow by ^cin-Barr virus. J bnmunol 129:1941-1945, 1982. 

3 1 . Sabharwal UK, Fong S, Hoch S. Cook RD, Vaughan JH, Curd JG: Complement activation by 
antibodies to Sm in systmic lupus eryfliematosus. Clin EJq) Immunol 51:317-324, 1983. 



32 Tso«kasCD.Cars<mDA.FongS, VaugIianJH:MoleculariiiterBC^^^ human T wll mediated 
cyiot«icitytoEBV. n. Monoclonal antibody 0KT3 Inhibits a post-WUer-taiget recognition/adhesion 
step. I Immunol 129:1421-1425,1982. 

« Welch MJ FongS.VaughanJH,Caison DA; Increased frequency of rheumatoid fiictor precursor B 
?^JItI^iSSunizSon of formal aduhs with tetanus toxoid. Clin Exp Immunol 5 1:299-305. 

1983. 

34 Fone S Vaughan JH, Canon DA: Two different iheumatoid-fector producing cell populations 
disdngdsh^ by the mouse eiydirocyte receptor and responsiveness to polyclonal B cell activators. 
J Immunol 130:162-164, 1983. 

35 Fox RI Huenlken M, Fong S, Behar S, Royston I. Singhal SK, Thompson L: A novel cell surfece 
antigen 0305) fomid in increased frequency on acute leukemia celb and in autoimmune disease states. 
JImmunol 131:762-767. 1983, 

i« Fonc S- SoUd-phase panning for the fiactionation of lymphoid cells. In: Cell separation: methods and 
SeS applicaticms. Pi^ow TO. Pretiow TP (eds.) pp. 203-219. Academic Press. New York. 1983. 

37. Caison DA. Fong S: A common idiotype on human rheumatoid factors identified by a hybridoma 
antibody. Mol Immunol 20:1081-1087, 1983. 

38. Fong S. Gilbertson TA. Carson DA: The mtemal image of IgG in cross- reactive anti-idiotypic 
antibodies against human rheumatoid factors. 

J Immunol 131:719-724, 1983, 

39 Fox RL Adamson TC, Fong S, Young C. Howell FV: Characterization of die phenotypc and fimction 
of lymphocytes infihrating the salivary gland in patients with primary Sjogren syndrome. Diagn Immunol 
1-.233-239, 1983. 

40 Fox RI. Adamson ID TC, Fong S, Robinson CA, Morgan EL. Robb JA, Howell FV: Lymphoqje 
phenotype and function in pseudolymphoma associated widi Sjogren's syndrome. J Qm Invest 72:52-62, 
1983. 

41 Fong S GUbeitson TA. Chen PP. Vaughan JH, Carson DA: Modulation of human rheumatoid fector- 
specificlymphocyte responses with a cross- reactive anti-idiotype bearing the internal image of antigen. 
JImmunol 132:1183-1189,1984. 

42 Chen PP. Houghten RA, Fong S, Rhodes GH, Gilbertson TA, Vaughan JH, Lwner RA, Carson DA: 
Anti-hypervariable region antibody induced by a defined peptide. A new approach for studying the 
smicoialcoiielates ofidiotypes.Proc Natl Acad Sci USA 81:1784-1788. 1984. 

43 FoxRI Fong S,Tsoukas CD. Vaughan JH: Characterization of recirculating lymphocytes in 
rheumatoid arthritis patients: Selective deficiency of natural killer cells in thoracic duct lymph. 
JImmunol 132:2883-2887, 1984. 

44 Chen PP. Fong S, Normansell D, Houghten RA. Kairas JG. Vaughan JH, Carson DA: Delineation of a 
cross-reactive idiotype on human autoantibodies witii antibody against a synthetic peptide. J Exp Med 
159:1502-1511, 1984. 

45 FongS Carson DA. Vaughan JH: Rheumatoid fector. to: Immunology of Rheumatic Diseases. Gupta 
S, Talal N (eds.): Chapter 6. pp. 167-196. Plenum Publishing Corp., New Yoric, 1985. 
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46. Fong S: faammochemistry. In: tamunology as applied to Otolaiyngology. Ryan AF, PoUquis JF. 
Harris A (eds.): PP- 23-53. CoUege HiU Press, San Diego, 1985. 

47. Fraig S, Oien PP. Vaughan JH, Carson DA: Oriffn and age-associated dianges in Ae oq)ression of a 
physiolo^c autoantiboiify. Gerontology 3 1 236-250, 1985. 

48 Choj PP Fong S, Hou^iten RA, Carson DA: Charactoization of an epibody: An anti-idio^ wliidi 
reacts with both the idiotype of rheumatoid factors (RF) and the antigen recognized by RFs. J Exp Med 
161:323, 1985. 

49 Chen PP, Goni F, Fong S, Jirik F, Vaughan JH, Frangione B, Carsra DA: The majority of human 
monoclonal IgM rticumatoid fectors express a primary structure-dependent cross-reactive idiotype. 
JImmunoll34:3281-3285, 1985. 

50 Lotz M, Tsoukas CD, Fong S, Carson DA, Vaughan JH: Regulation of Epstein- Barr virus infections by 
recombinant interferon. Selected sensitivity to interferon-gamma. Eur J Immunol 15:520-525, 1985. 

5 1 Oien PP Kabat EA, Wu TT, Fong S, Carson DA: Possible faivolvement of human D-minigenes in die 
first complementarity-determming region of kappa Ught chams. Proc Natl Acad Sci USA 82:2125-2127. 
1985. 

52 Goldfien RD, Chen PP, Fong S, Carsra DA: Synthetic pei^des corre^ndmg to third hypcrvariable 
i^on of human mmioclonal IgM rteumatoid fador heavy chains define an immunodominant idiotype. 
J E)qj Med 162:756-761, 1985. 

53 FongS Chen PP,GilbertsonTA, Fox RI. Vaughan JH, Carson DA: Structural similarities in the kappa 
li^ diains of human rheumatoid fector paraprotems and senun immunoglobulins bearing a crosfr«active 
idiotype. J Immunol 135:1955-1960, 1985. 

54 Ohen PP, Goni F, Houghten RA, Fong S, Goldfien RD, Vaughan JH, Frangione B, Carscm DA: 
Charact«iz^on of human rheumatoid fecttws with seven antiidiotypes induced by synflietic 
hypervariable-region peptides. J Bq> Med 162:487-500, 1985. 

55 Fong S Gilbertson TA, Hueniken RJ, Singhal SK, Vaughan JH. Carson DA: IgM rheumatoid fiictor 
autoantibody and immunoglobulin producing precursor cells in the bone manow of humans. Cell Immunol 
95:157-172, 1985. 

56 FongS Chen PP, Goldfien RD, Jirik F, Silverman G, Carson DA: Recurrent idiotypes of human anti- 
IbG autoantibodies: their potential use for unmunotherapy. In: Mediators of Immune Regulation and 
iLnunotheiw- Singhal Sk,DelovitchTL (eds.): pp. 232-243. Elsevier Science Publishmg Co., New 

York, 1986. 

57. Fox RI, Chen PP, Careon DA, Fong S: Expression of a cross reactive idiotype on Aeumatoid fector in 
patients with Sjogren's syndrome. J Immunol 136:477-483, 1986. 

58 Jirik FR, Sorge J, Fong S. Heitzmann JG, Curd JG, aen PP, Goldfien R, Carson DA: Cloning and 
sequence determination of a human rheumatoid fector light-cham gene. Proc Natl Acad Sci USA, 832195- 
2199, 1986. 

59 Lotz M, Tsoukas CD. Fong S. Dinarello CA, Carson DA, Vaughan JH: Release of lymphokines 
following Epstein-Barr virus infisction in vitro. I. The sources and kinetics of production of mterferons and 
interleukms in normal humans. J Immunol, 136:3636-3642, 1986. 



60. L(rt2M,TsoukasCT),FongS,DinareUoCA, Carson DA, Vw^ Release of lymphokines 
following infection with Epstein-Barr vims in vitro, 11. A monocyte dependent inhibitor of interleukin-1 
downregulates the production of interleukin-2 and ganuna interferon in rheumatoid arfliritis. J Immunol 
136:3643-3648, 1986. 

61. Fong S, Own PP, Gilbertson TA, Weber JR, Fox RI, Carson DA; Expression of three cross reactive 
idi<^T)es <m iheumatoid fector autoantibodies finom patients widi autoimmune diseases and seropositive 
aduhs, J Immunol, 137:122-128, 1986. 

62. Fong S, Gilbertson TA, Chen PP, Karras JG, Vaughan JH, Carson DA: The common occurrence of 
internal image type anti-idicrtypic antibodira in rabbits fanmunized witti monoclonal and polyclonal human 
IgM rheumatoid fectors. Clin Exp Immunol, 64:570-580, 1986. 

63. Fox RI, Carson DA, Chen P, Fong S: Characterization of a cross reactive idiotype in Sjogren's 
syndrome. Scand J Rheum 861:83-88, 1986. 

64. Silverman GJ, Carson DA, Solomon A, Fong S: Human kappa light chain subgroiQ) analysis wifli 
syntiietic peptide-induced antisera. J Immunol Mdfaods 95:249-257, 1987. 

65. Goldfi«i R, Chen P, Kipps TJ, Staricebaum G, Heitzmann JG, Radoux V, Fong S, Carson DA: 
Goietic analysis of human B cell hybridomas expressing a iheumatoid factw-associatcd oossr^eactive 
idiotype, J Immunol 138:940-944, 1987. 

66. Carson DA, Chen PP, Fox RI, Kipps TJ, Jirik F, Goldficn RD, Silverman G, Radoux V, Fong S: 
Rheumatoid fectors and immune networks, Annu Rev Immunol 5:109-126, 1987. 

67. Kq^TJ.FongS,TomhavcE,aienPP,GoldfienRD,Cars<MiDA: High frequency ejqjression of a 
ccmscrvedk^jpa variable region gene in chronic lymphocytic leukemia. Proc Natl Acad Sci USA 
84:2916-2920, 1987 

68. Fong S, Chen PP, Fox RI, Goldfien RD, Silverman GJ, Radoux V, Jirik F. Vaughan JH, Carson DA: 
Rheumatoid fectors in human autoonmune disease: Their origin, development and function. Pafli 
Immunopath Res 5:407-449, 1987. 

69. Goldfien RD, Fong S, Chen P, Carson DA: Strucftne and function of rheumatoid fector Implications 
for its role in the pathogenesis of mixed cryoglobulinemia. In: Antiglobulms, cryoglobulins and 
glomCTulonephritis, Prt>ceedings of 2nd International Milano Meeting of Nephrology, Ponticelli C, Minetti 
L, lyAmico G (eds.) Martinus Nijhoft Dordrecht pp. 17-27, 1986, 

70. Silverman GJ, Carson DA, Patrick K, Vaughan JH, Fong S: Expression of a germline human kappa 
dmin associated cross reactive idio^ afto m vitro and in vivo infection with Epstem-Barr vinis. Clin 
Immunol Immunopaftol 43 :403-4 11,1 987, 

71 . Silverman GJ, F<mg S, Chen PP. Carson DA: Clinical update: Cross reactive idiotype and the genetic 
OTigin of rheumatoid fectors, J Clin Lab Anal, 1:129-135, 1987, 

72- Chen PP, Fong S, Carson DA: Molecular basis of reactivity of epibodics. In: Elicitation and use of anti- 
idiotypic antibodies and their biological applications. Bona C (ed,), CRC Press, Boca Raton, Fla, in press. 

73. Fong S, Chen PP, Carson DA, Fox, RI: Rheumatoid fector in Sjogr^'s syndrome. In: Sjogren's 
S)aidrome: Clinical and Immunological Aspects, Talal N, Moutsopoulos HM, Kassan SS (eds,), Springer- 
Veriag. New York, pp. 203-217, 1987, 
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74. C3ienPP,FongS, Carson DA: The use of defined peptides in dianicteriang idiotypes. IntRev 
Immunol 2:419-432, 1987. 

75 Chen PP,FongS,GoniF,HoughtenRA,FrangioneB, Liu F, Carson DA: Analyses of human 
iheumatoid fectore with anti-idiotypes induced by synthetic peptides. Monogr Allergy 22:12-23, 1987. 

76 Carswi DA, Chm PP. Radoux V, Jiiik F, GoWfien RD, Sihrmnan GJ. Feng S: Molecular basis for die 
cniss-wactive idiotypes on human anti-IgO autoantibodies (iheumatoid fectors) In: Autoimmunity and 
Autoimmune Disease. Ciba Foundation Symposium 129 h>. 123-130, 1987. 

77 Radoux V, Fong S, Chen PP. Carson DA: Rheumatoid bctan: cuirait amcepts. In: Advances in 
Inflammation Research. Lewis. A. (Ed), Raven Press. New Yoric. pp295-304, 1987. 

78 Krops TJ, Fong S. Chen PP, Miller WE. Piro LD. Carson DA: Immunoglobulin V gene utilization in 
CLL. In: Chraiic lyn^hocytic loikemia: recent progress and future direction, Alan R Liss, Inc., New 
York.pp. 115-126, 1987. 

79 Fong S Chen PP, Fox RL Goldfien RD, Radoux V, SUverman GJ, Crowley JJ, Roudier J, Carson DA: 
The diveisity and idiotypic pattern of human rheumatoid fectois in disease. Concepts m Immunopath 5: 
168-191, 1988. 

80 Fox RI, Fong S, Chen PP, Kipps TJ: Autoantibody production m Sjogren's syndrome: a hypothesis 
regarding defects in somatic div«sification of germline encoded genes. In Vivo 2: 47-56, 1988. 

81 Chffl PP Fong S, Goni F, SUvOTaan GJ, Fox RI, Uu M-K. Frangione B, Carson DA: Cross-reacting 
idiotypes on ^oprecipHating iheumatoid fiictor. Springer Senunar Series in Immunopath 10: 35-55. 1988. 
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Proliferative Assays for T Cell Function 



A number of agents can specificaUy or nonspecificafly induce T ceU acUvation^^iesultmg 
fn cXSe pr^uction. cytokine receptor expression, and ultimately prolrferaUon of &e 
itiSVLlls. Although proliferation is not a specific effector function of T lympho- 
contrast to he^r function for B lymphocytes {umsjo) or cytoto«city {usn 
?^^^oliferation assays are reliable, simple, and easy toperform 

^ess the overaU immunocompetence of an animal. In addition, the ^^ys 
Sb^ in this unit form the basis for identifying the appropriate cellular populaUon 
be used to obtain T cell clones {umrsjs) or T ceU hybridomas {unit 3.14). 

The assays have been divided into two groups on the basis of whether they are used to 
^mS primed or unprimed T lymphocytes. The first basic protocol describes &e use 
Tm£s tb^ ^ <=^P^1« °f "°P^ lymphocytes m culture etth« by 

phS^logic means (calcium ionophore and phorbol ester stmiulatton). by duec^ 
^^Mng of the T ceU receptor CTCR) on a toge percentage of respond^ cdk 
S-Cm ^ti-TCR-y5. or anti-TCR-aP monoclonal antibodiesVby cross-hriang toe 
S^p^oncertainsubpopuIationsofTcdlswrthmbnodonalanubo^ 
^rSons of 6 chains S the TCR (anti-VP) or with enterotoxms specific for c«tom 
vSW«»s.orbyindirectlyWlinkingtheTCROec^^ 

t?^o^^antigens). the first alternate protocol describes the use of plate-bound 
^Sies specific for the TCR to stimulate proliferation. The second alternate prottx^ 
SST^Ictivation of unprimed T cells to ceU-associated anUgens in the imxed 
reaction (MLR). Hie first support protocol describes the pre^on and use 
Sx^n^ accessory or stimulator cells and tfiesecondsupportp^^ 
ml^^bloddng. accessory ceU proliferation. Fmally. the second basic protocol 
Si ^«ction of aTceU proliferative response to sohible protem antigens or to 
cett-associated antigens against wWch the anirnal Im been primed in 

Tl^assaysinthisunitemploy murineTlymphocytte. Induction of pro^^ 

iTmS B lymphocytS is described in mnsjo. Related assays for use with human 

peripheral blood lymphocytes are described m Mwrzp. 

NOW: AU solutions and equipment coming into contact with cells must be sterile, and 
* proper sterile technique should be used accordingly. 

ACTIVATION OF UNPRIMED T CELLS 

Unnrimed T cells can be induced to proliferate by a variety of agente. including pharma- 
SSaLts. anti<I>3/rai or anti-Thy-1 monoclonal antibodies, ente^^^^ 
Si^e^n^tary briefly describes the ^K^ities of th^ agents while Table 
^'^Ztccs aX,ncentrations for use in this protocol. Although this procedure 
intend^ to measure proliferation of T cells specificaUy. in many cases mducUon of T 
InTomLon is dependent on the presence of non-T ceUs tiuit function as accessory 
«K^r provide additional costimulatory signals for T ceU prohf j^on as weU 
So^^suTTvia their Fc receptors) rnonoclonal antibodies b«^^ 
r^e^^uirementfornoii-Ta^ 

Sd^^«nge ftom absolute dependence to accessory ceU-^depender^T ceU 
Stion (see Table 3.12.1). The activation is calculated after deternunmg tiie difference 
in incorporation of fHgthymidine between stimulated and control ceUs. 
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Table 3.12.1 Agents Used to Activate Unprimed T CeOs In ProBferative Assays 





Source/ 
cat no.^ 


Concentration 


Accessory 


PMA 


SIGP8139 


MOng/ml 


No 


lODOuljvUi 


CALf 407950 


200-500 ng/nd 


No 




CAL 100105 


100-500 ng/ml 


No 


PHA 


WDHA16 


l-SpgAnl 


Yes 


ConA 


PH 17-0450-01 




Yes 


Anti-lliy-1 


PGmAWj7 


1-50 ng/ml 




Anti-CD3 


PGHM-CD3 


0.1-5 lig/ml 


Yes* 




PG HM-AB- 
TCR 


0.1-10 ng/ml 


Yes« 




PGHM-GD- 
TCR-1; 

HM-CT>-TCR-3 


OJ-100 ng/ml 


No 


Anti-vp-o,!, 


PGMM-VB- 
TCR-1 


0.1-10b(ig/ml 


No 




PGRM-V^ 
TCR-2 


O.MOO ng/ml 


No 


Anti-V^ll 


PGRM-V^ 
TCR-3 


0.M00 ng/ml 


No 


Staf^toxA 


TTAnOl 


l-lOng'ml 


Yes« 


Sta^ tox B 


TTBT202; 
SIGS4881 


MOO ng/ml 


Yes* 


Stapb tox E 


1TET4M 


MOng/ml 


Yes* 



Mode of action, etc. 



Use with ionomycin or 
A23187; pharmacologic 

UsewithPMA; 
pharmacologic 

UsewiAPMA; 
{diaimacologic 

Indirect TCR 
cross4inldng 

Indirect TCR 
cross-linking 

Indnt^TCR 
cn>ss-linking 

Use plate-bound or 
soluble; direct TCR 
CTOSs4inking 

Use plate-bound or 
sdidile; direct TCR 
cross-linking 

Use plate-bound; direa 
TCR crDSs4inking 

Use plate-bound; direct 
TCR cross-linldng 

Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR ooss-linldng 

V^13,10.11.17. 
reenter specificity 

VP-3,7.8,17-Teceptor 
sped&dty 

V^ll,15.17-«scejHor 
spedfidty 



tox A. B. & E, ^ti^jAyfocwcxw eotcnxoxiw A, B, & E 

fcSumdicr addresses and phooe numbers are pn,vid«d in xpf£«« 

c-nn^ «,tU-D3 and anti-TCR antibodies in soluble form (rather than platfr*oan(0, acccssonr cdls arc 
SLTX^^S ^ accessory edls aPP«^ MHC dass H molecules, 

^towsoty cefl dependence is not absota^ 
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Materials 

Complete RPMI-5 and RPMI-10 media (yiP?fl«)«2) 
Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or 

lymph nodes (WWT-AJ) 
Activating agent(s) (Table 3.12.1) 

Phosphate-buffered saline (PBS; APPENDffz) . ^ 

Accessory ceUs: unfractionated mouse spleen ceU suspension, utadiated or 
^ted with mitomycin C (second support protocol) or T cell-depleted 

(first support protocol) 
(SHjthymidine (APmro/xi) 

15- and 4-inl disposable, polystyrene conical tubes with screw caps 
Low-speed centrifiige with SorvaU H-IOOOB rotor (or equivalent) 
1 <. and 10-ml disposable polystyrene pipets 

o?mund4x,ttom Jcriiter 
25- to 100-Ml single- and multichannel lapettors with disposable tips 

Additional reagents and equipment for removing organs {uNm.9), preparing 
st^eSspendo.J(tJ^5.i). and co^^^^ 

(XUS (APPENDIX 3) 

1. Prepare responder leukocyte suspensions from thymus, spleen, or lymph node in 
complete RPMI-5 as described in MWTii. 

Tru>, hi: of the intended ejq>erimentdicuaes^ 
^^n^X^far^indication^rfcellnunU^rre^ed,:^ 
T^^eror^^ Spleen, thymus, and lynvh no^ 

trnToSf sphen is ^ source cf accessory cells. Purified T cells or subpopulat,onsof 
TcaU(LcD4* or CDS-) ceUs may also be used. See UNITS 3J-3£ for enndunent/ 
depletion meAods. 

2 Centrifu« single^U suspensions in 15-ml conical tubes for 10 imn in Sorv^ 
l^Srotor^ -1000 rpm (200 xg). room temperature, and disc^ 

3. ResuspendceUpeUetinconipleteRPMI-5.CountresponderceIlsandadjustto-l()« 

ceUs/ml with complete RPMI-10. 

Wme thU concentration (1 x lO' ceUsM or2^1(fi cellsMeU) witt gjv. ^^ry^ 
r^ansSwithmostceapopulations,itisus4^^^ 

pilot experinUnts. Ifmrfractionated spleen or lymph node cells an used 
ftl^r^nLrp^dation.s^^entaccess^^ 

t^^S^ZldturesJ^Mi^ f^r^fi^^^^^y^^Jft^l 

T^U subpdpulations are used as responders. it wtU be "'^"^. ^^j'^ 

o^ssZcemdependingonthenaturec^theactiyatiniage 

T^^7asUyacJomplisL by adding increasing n^ers (0.1^^^^^ 

sZ^UspUen(Zessory)cellsin0.1mlto2^lfTceUs-^^^^^ 

S^ST Also, a meaningful comparison of the respons^eness of different ceU 

^p7j^^r^re^uirestinSnsofboth the activating agents as weU as the re^ 

cell populations, and a kinetic aq>erimenL 

4 Prepare working solutions of activating agents in 4-ml conical tobes^^ioomtemper- 
follows. Fbr MAb, toxin, or lectin, make a series of four dduUons from 1 
^oTstock solutions-^-g.. 100, 30. 10. and 3 jjg^ml - ^^S. 

agent, make single dilutions of 1 00 ng/ml solution of PMA and 1 »ig/ml A23187 
(or 4 fig/ml ionomycin) in PBS. 

If MAb in supernatant or asdtes form are being used, at least four dilutions shotdd 

i^bemed!workmgsolutionsshouldbeused-u^^ 

especiaUy MAb. may bind to the plastic. 
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See Table 3.12.1 for Vp specificities of staphylococcal enurotoxins. It is essentia to 
verify thai the mouse strain employed expresses the MHC class II surface molecules 
for which the enterotoxin has a specifio binding t^ty. See Marrack and Kappler 
( 1989) for further discussion of various enteroxins and their specificities. 

5. A(kl 20^1 of each dilution of activating reagent (MAb. enterotoxin OTkctin) to eadi 
of diree weUs of a 96-well flat- or round-bottom microtiter plate. Include control wells 
with 20 Ml of PBS only. Add 20 PMA or calcium ionophoie at the single 
concentration iiidicated in step 4, as the dose-response curve for these agents is 
extremely narrow. 

A series of four dilutions will form one row of each microtiter plate, allowing for 
efficient organization cf the plates. 

6. To the wells of the 96-well microtiter plate containing activating agent, add 2 x 10* 
cells in 0.2 ml! 

7. Place microtiter plates in a humidified 37»C 5% COjincubator for 2 to 4 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions and must be determined empirically (see critical parameters). 

8. Add [^HlAymidine to each welL Return the plates to GOj incubator to pulse 18 to 24 
hr. Harvest cells using a semiautomated sanqde harvester and measure cpm in P 
scintillation counter. 

9a, Compxat die data as the difference in cpm of stimulated (experimental) and craitrol 
(no activating agent added) cultures. This is dtme by subtracting the arithmetic mean 
of cpm from triplicate control cultures firbm the ariUunetic mean of cpm ftom 
corresponding stimulated cultures. TTie results are referred to as "A cpm.** 

9b. Alternatively, compute the data as tiie ratio of q>m of stimulated and control cultures. 
This is done by dividing die arithmetic mean of q>m from stimulated cultures by the 
aritiunetic mean of qiin from control cidtijres. tlie results are referred to "ST' 
(stimulation index). 

Hie second method (step 9b) has the disadvantage that small dtanges in background 
valueswillresultinlaTgedumgesinSIandshouldbeinterpretedwithcaution. Inmost 
publications, A cpm rather than SI values are pr^erred. 

ACTIVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANTIBODIES 

Although it is possible to induce T ceU activation with monoclonal antibodies to the 
CD3/rcR complex in sotation during culture, such activation deprads on cross-linking 
of tiie antibody by Fc receptor-bearing accessory cells. This protocol describes the use 
of monoclonal antibodies to the CDSfVCR conqilexby coupling themto the wells of tiie 
microtiter plates. The T cell proliferative response induced under these conditions does 
not require the presence of significant numbers of accessory cells, altixough the responses 
obtained may be suboptimal (Jonldns et al., 1990). 

Use of tius protocol is recqmmended for use witii those antibodies to tiie CD3ArCR 
complex which bind poorly to tiie Fc receptor prcsoit on murine accessory cells and whidi 
donotinduceTceUactivatibninsolubleform. Altfiough all monoclonal antibodies readily 
couple to plastic under Uiese conditions, it is very difficult to induce a proliferative 
response witii certain antibodies such as the G7, anti-Thy-1 monoclonal antibody. In such 
cases, flie conditions desoibed in tiie basic protocol should be followed. 
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Additional Materials 

PBS (i^FPfiWCWz), room temperature and 4"*C . 
1 ^c/ml nurified anti-CD3 or anti-TCR MAb in PBS (for nonspecific activation 
' "f?!;Sfs^r Wnil purified anti-VP or anti-TCR-yS l^b in PBS (for 
activation of T ceUs with specific receptors; see Table 3.12.1) 

1 In 4-inl coiucal polystyrene tubes, prepare a series of four <ffl^^^^^ 

s!eSri mg/«nl stock solutions-.J.g.. 100. 10. I. and 0.1 ix^ftti-^smg room 
temperature PBS. 

Souft:es and recommended concentrations <f monoclonal anybodies can be found m 
TabUSM since MAb yM bind to plastic, the working dUutu,ns should be used 
immediately. 

TheabiUtyofanti-TCRantibodiestocniss-linkreceptorm^c^ 

ITthe ouriG Of the MAb preparation and the t^ty <tf the MAb for the TCR/CD3 

Zr^l^ToptiLmdihaionswiUhavetobedeUrrni^ 

A^r^vd^parations of ascites fluid from the MAb can be tesUd at diffemU 
£^(Z.!^mi°200. 1:406. and 1:800). butuseafpurifiedantibody^alUn. 
for better standardizptim of the assay. 

B^re the efficacy qfMAb-induced activation depends on the amount^ antibody 
lZ^l%b^StheweUs.Uiscrucialtomaketheda,^^^^^ 
^^^^nal source of proteins such as FCS or albumin.- these wouU con^te wUh 
^S^V^antil^.andtherefore reduce the respons^^ 
Tis^notrecommenLl to perform the assay wiOi culture supematants of the 
appropriaukybridtmas. 
0 Add30uIofeachconcentrationofMAbsolutiontoeachofthreewellsofa96-weU 
^-tStom microtiter plate. Include control wells of 30 

A series cf four dibuions wiU form one row of each plate. "^"I^S for effi^ 
orZZJmpf the plates. Consistently better responses are seen wUh round-bottom 
^^r^^ithflat-bottom) plates in antibo^Mnediatedexperunents. 

Mn.^ often, optimal responses are seen with 10 pgfird antibody. There is no point in 
^f^reZttheZlicated amount of antibo^fy. since the ma:dmum anu>unt 
^Stosurfaceofthewellsis-2to3K{AMJL.mpub,obser,.). 

. 3 Covertheplateandgenflytapitssidetoensurecompletecoveringofthebottornof 
^e wells, ticubale plates 90 min at 37-C. During incubation, proceed to step 4. 
During this incubation, the antibodies bind to the plastic in the weUs for subsequent 
^4M^8aftheTceUreceptorsonrespor^ingTcells.PUu^^ 
Z^^^oreanexperimemandkeptintherefngerator^^^ <^rthe3TC 

incubation. 

4 preparerespondercellsuspensionsasinstepslto3ofthebasicprotocol. 

HiMy purmed Tcell populations can be used in these studies as the prol^erative 
rSZse Zuced is J^essory ceU-independenL However, the presence of non-T 
^e^oryceUsdoesnotiiaerferewUhtheproWerativeresponse. 

5 Washthewellsoflheincubatedplatesbyadding200MlcoldPBSandinvert^^^ 
I^J^M^afUckofthehandonastackofpapertowelsplacedmatis^^ 
hood. Repeat washing procedure two iiK)re tiines to remove excess 

6 To 4e wells ofthe washed plates, add -2 xlO^ cells in 0.2 ml. 

ifcelbarenotreadyatthis5tage.platesmaybekeptinther^geraXor^^ 
^{SZpmasbZaddedpLmably.^^^^ 

l^o^Z^ence is limited to-day periods. The PBS should be removed brfare 
the cells are added 
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Most cell populations will give peak resporistvemss at this ceU dosage, but pUot 
experiments should be performed to establish optimal conditions. 
7. Proceed as in steps 7 to 9 of the basic protocol but incubate cultures for 2 to 3 days 
befwe adding [^Hlthymidine. 

KinetU: assays should be performed to determine the optimum cultuK 

T CELL PROLIFERATION IN MIXED LYMPHOC^ 

m the mixed lymphocyte culture (MLC) or reaction (MLR). susp«»sions of responder T 
c^lls are cultured with aUogeneic stimulator lymphocytes. The a^vatmg stunulus is the 
foreign histocompatibility antigen (usually MHCclass I or cla^ H mdectdes) expres^ 
on tteallogeneio stimulator ceUs. Responder cells need not be pnmed because a suffi- 
dently high number of T cells in the Mix: win reqK)nd to the 
STS^iltor cell population contains T cells, their uptake of r^thynudme rnust be 
wevented by irradi^ion or treatoent with mitomycin C; altM^^ 
su^nsion can be depleted of T cells (see support protocols). 

Additional Materiab ^ , u 

Resodnder cells: lymphocytes froin nommnwruzed inousethj^ 

Stimulator cells: aUogeneic mouse spleen cem that diff« ftom U^^^ 
^ H.2 or Mis loci, irradiated or treated with mitoniycm C (second ^ 
protocol) or T cdl-depleted (first supportprotocol) 

1 prepare responder ceU populations as ta st^s 1 to 3 of the basic 
un^onatedcenpopulationscanbeusedasrespondersmcertamsituations.U^^ 

be preferable to use purified T cells or T ceU subsets. 

To estimate the MLR of a ceU population, U is necessary to perform a dose-response 
^^^differentmLers<tfr^sponderceas. Typicf^ three repbcauweUs are set 
Z^MgeachcfthefoUowing:0.5.1.2,and4xl(ficMs(optunal^ 
^^^!LdwiA the latter two densities). The setupM these four ce^ 
wm occupy one row (12 wells) of a microtiter plate. 

Forthymocytes,itmaybenecessarytouse8xl(ficfsperweUbec^^^ 

TrSSrcd^islowenthelowestmmd^erqfres^^ 

VmdL doses in between would be 2 and 4 x l(fi. Usmg this range cf higher 

Z^rs<^respondercdlsmayaisobepreferredy,hene^^ 

an aqiected to reduce the frequency cf responding T cells, 

2 Toa96-weUmicrotiterplate.add5xlO«to4xlO'responderceminO 
* well. For each experimental group, set iq> three n^Ucate wells. 

Stimuiation t^Uukocytes for proliferation in 96-weU rrucrotiter plates can be run in 
p^MiyithcytotoxiTlymphiKyU((m.)gen^^ 

^i^U^eU mSotiter plates. For exampU. cells can be dUutedto 4x I(fi ceUsM and 
Ml^2ZeUplJes in 1.0 mlMeUfor CJL generation and to 96.weU plates m 0.1 
rnlAvell for proliferation. 

3 Prepareasingle<eUsuspensionofirradiatedormitomycinC-4reale^^ 
Alternatively, prepare a suspension of T-ceU depleted stmmlator cells. Add 0.1 ml to 
each well of Ae plates containing responder cells. 

The optimummmiber<rf stimulator cells must be determirud for ead^^ 
different responder cells. For a range j^rresponder cells foomOJ-4 fittest 
stimulator cells at densities of 2. 4, and 8 x l(fiM Z 4. anJ S x J^/h^J. It 
should be noted that the stimulator cell suspension provides bodi the specie onttgeri 
to be recognized by the responder T cells as weU as nonspecific accessory cells. If 
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highly purified f cells are used as the responder population, it is therefore not 
necessary to supplement the cultures with non-T accessory cells syngeneic to the 
responder T cells. 

Separate weUs with control cultures should be set up that includer-for each dose of 
Kinder and stimulator cells— replicate wells of responder cells with inadiated or 
mitomycin C-treated syngeneic stimulator cells. Values obtained firom Aese controls 
reflect "background" proliferatiwi values (see step 9 of basic protocol). Other negative 
controls often included are weUs vwth stimulator cells alone and wells with responder 
cells alone. TTiese are not used for the calculation of the data, but are useful to con^arc 
with the background proliferation values; the latter should not be much higher (<2-fokD 
than those obtained with stimulator or responder ceDs alone. Higher background values 
indicate potential autoreactivity. 

4. FoUow steps 7 to 9 of die basic protocol, but incubate flie cultures for 3 to 6 days. 

Optimum cidtun periods for stimulating cells wiU vary depending on ceU type and 
laborcitory conditions, and must be deurmined empirically (see critical parameters^ 

DiyLETION OFT CELLS FROM 

AimGEN-PRESENTING/STINfULATOR CELL SUSPENSIONS 

Aldiough nomial unfractionated spleen ceU populations can be used as a souree of 
accessory cells, in certain types of experiments it may be preferable to use spleen ceU 
populations from which die T cells have been removed. This procedure ensures that none 
^4e observed proliferative responses of the respondisr population result from T cefl 
factors derived from the accessory ceU population. For example, even T cells whose ceU 
division has been blocked (second support protocoD can produce cytokines. In the 
foUowing steps, T cell-depleted spleen ceU suspensions are prepared usmg a lytic 
monoclonal antibody to the T cell antigen. Thy-1. Because ahnost all Ae antigai 
presentation or stimulator cell activity in spleen resides in the non-T ceU fiaction. this 
nrocedure also leads to enrichment of functional antigen-presenting cell function. Further 
enrichment of antigen-presenting cells (APQ by flotation of the T cell-depleted spleen 
cells on Percoll gradients is also described. Other procedures leading to enrichment of 
APC are described elsewhere; the mediod described m unttb.? does not deplete T cells 
and therefore is not recommended here; tfaemetbod described in VNirxis leads to higher 
levels of enrichment diat are not required in the protocols presented here. 

Additional Materials 

Spleen cells from nonimmunized mice 

Hanks balancwl salt solution (HBSS; viPPHWoaa) 
Low-Tox rabbit complement (Cedarlane #CL3051). reconstituted with 

ice-cold distilled water and filter-sterilized 
Anti-Thy-1.2 ascites (HO-13-4; ArCC#TlB 99) or anti-TTiy-l.l ascites 

(HO-22-1; ATCC #nB 100; alternatively, see Table 3.4.1 for other 

anti-Thy-1 MAb and iflvn-ztf for production of ascites) 
70% Pfcrcoll solution {uNirs.a and reagaits and solutions) 

1. CentrifiigP the spleen ceU suspension derived from single spleen down to a pellet 

The spleen cells should always he from nonprimed animals and should be syngeneic 
to Ae responder T cells unless they an to be used as stimuUaor cells in ffieMIX:. 

2. To tiie peUet. add 0.9 ml HBSS, 0.1 ml complement, and 25 jU anti-TTiy-l asdtes. 

If cells fivm more than a single spleen are needed, the procedure should be scaUd iqt 
accordingly. 
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TTu choice ofanti-Thy-1 reagent to be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly availabU motise strains 
(except AKR) express the Thyl.2 allele. 

3. Incubate the mixture at 45 min in a 37*^ water bath. 

4 Centrifuge 10 min in SorvaUH-lOOOB rotor at -1000 rpm (200 xg), room tempera^ 
■ ture. and discard supernatant ResuspendpeUet in HBSS and wash two more ti^^ 

5 Count viable ceUs {appendix 3) and rcsuspend in conq>lete RPMI-10 or PBS for 
* inactivation as in the second support protocol, or iii HESS to prepare low-density 

accessory cells (see below). 

The TceU-depleUd spleen ceU population is comprised of B ceUs. macrophages, and 
dendriticceUs. Further enrichment of ceUswiA enhanced accessory ceU function can 
be obtained by fractionadoncftluspopukuimtmPercM. 

6 Dilute 70% PeicoU sohition to 55% by mixing 23 J8 ml of the 70% PeicoU with 6.42 
' nil HBSS. Resuspend T cell-<iq)leted spleen cells firom step 5 m IfflSS at 20 x 10* 

cells^. 

?; Layer 3 ml cell suspension over 3 ml of 55% Ptercoll solution in a l5-inl conical 
centtifiige tube. 

8. Spin 13 inm in H-IOOOB rotor at 3000 rprn (1900 X g). room t« 

9. Remove cells that band at the PercolimBSS interface with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in st^ 4. 

10. Count viable ceUs and resuspend in complete RPMI-10 for inactivation accordmg to 
the second support protocol 

The population obtained from steps 6 to 10 is comprised^ large cells including 

macwphages.dendriticcdls,andactivatedBJymphocy^ 

enrid^i l accessory ceUfimction. When med in eiO^ Cff the b^^^^ 

purified T responder cells, fewer of the PercoU-purified cells should be needed to 

provide accessory function. 

BLOCKING CELLULARDIVISION OF ACCESSORY/STIMULATOR CELLS 

mre are two situations in which inWbitionof accessory or stimulator ceU^ 
be blocked When purified T cells rather than unftactionated lymphoid populations are 
used in the basic protocol, cultures are fiequently supplemented wiA a^ry cells 
syngeneic to die responder T cells. If accessory cell DNA synthesis is mlnbited. one «n 
thra be certain that the resultant proliferative response is comprised entirely of responder 
T ceUs and does not contain a component of recruited B cell proliferation denved from 
the accessory ceUpopulatioiB. In theMLR. the stimulatorcelk are spleen cells from mice 

that differ ftom the responder cells in H-2 and/or Mb gene expression (see APPEmix i, 
■Ta)lesA-lClandA.lEi)and they canalso recognize alloantigensontheresponderceUs 

■ais responsiveness of stimulator cells against responder cells in an MLR (soK:all«i 
back-stimulation) must be prevented by blocking cellular division.J[lus can be done by 
tteatment of stimulator cells with mitomycin C (a DNA cross-bnkmg reagent) or by g 
SSdiation. Many investigators prefer mitomycin C treatment when antigemc differerices 
^edforbyMisgenesaretobemeasured.orwhenaniri^onso^isnrt 

moreMoraiation on the lod encodbg Mb genes, see T^^^ 

Mitomycin C "neatment 

Additional Materials 

Mitomycin C (Sigma #M-0503; store in dark) 
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1 . In a 15-nil aluminum foil-wrapped tube, prepare a solution of mitomycin C in PBS 
at 03 mg/ml and filter sterilize. 

Since mitomycin C is very light-sensUive.. it is necessary to prepare a fresh stock 
solution each day for each experiment. 

2 Prepare spleen cell suspension as described in steps 1 and 2 of the basic protocol at 
a concentration of 5X10' cells/ml in PBS, , 

3 Add mitomycin C to a final concentration of 50 pg/ml (lOOjUAnl of cell suspension) 
and wrap the tube in aluininumfdL Incubate 20 rmn at STX. 

4 AddanexcessofcompleteRPMI-5(Le.,fiBtubewith-12ml)andcentrifugelOinin 
' in Soivall H-IOOOB rotor at 1200 rpm (300 x g). Discard supernatant and repeat 

washing procedure two more times. 

jftree washes an crucial, beaiuse any traces cf mitomycin CUfl among Oiecem 
reduce proltferative responses whentheceOs are added to an MLC 

5 ResuspendpeUet in complete RPMI40. Count cells with hemacytometer: Adjukt^ 
■ desired concentration as described in the annotation to step 6 of the basic protocoL 

Irradiation Treatment 

Preoart a spleen ceU suspension as described in steps 1 to 3 of the basic protocol, at a 
^concentrationof540xl0«cens/mlmcompleteRPMI-10.Usingawi^ 

<« '''^^ y-i^'^diator. e.g, C3amma^ 
2000 rad of irradiation to the cells. 

niis dose range of inadiation is suitable for most immunologic applications en5)loying 
sDleen ceU suspensions. However, antigen presentation by different^spleen cells is 
ST^^y^«ted»Vinadiation(AshweUetal..l984):atlowdoses(^ 
fi^X?Sng fiction of B cells is preserved; after doses of 1100 to 200) rad. a 
!SSSlSline is observed; and doses >2000 rad abolte^ 

mAPC Macrophages and dendriticcells.bntheotherhand,niaintainantigenpresentation 
doses of ^ tad. lb ensure that B ceUs do not participate in die responses 
some investigators prefer to use dosesof 2000 r^ 
to A/baDtigens can best be measured widi stimulator cells that received doses of <1000 
* rai since B cells presentMfa more effectively. Alternatively, Mis responsiveness can be 
mLured after mitomycin C treatment of stimulator cells, since it also preserves die 
antigen-presMitation fiincti<Hi of B cells. 

When transformed ceU lines are used as antigen-presaiting or accessory cells, higho: 
doses must be used to ensure blockage of ceU division. The ^ropriate dosewiU have to 
te^imined en^iricaUy for each ceU line, but is likdy to be at least 5000 rad; 
tiLXmedceU linesrequire as much as 10.000 to 12,000rad.andniaybemoresens^^^^ 

to mitomydn C treatment 

ACTIVATION OF PRIMED T CELLS 
Proliferative responses to viruses, protein antigens, minor transgaritation antigens, and 
Se mateH-Y antigeii require in viyo immunization foUowed by m vitio stmaulation. 
Furthennore. enhanced proliferative responses to those antigens tl^ 
^in vitro responses (i.e..MHCantigens)canbeobtainedbymvivoprinimg. Multiple 

immunizations usuaUy elevate in vitro responses. 

To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Freunds adjuvjmt (w«r W). For 
sttong responses by draining lymph node cells, immunize animals m a hmd footpad. For 
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strong responses by spleen cells, immunize intraperitoneally. Tail-base immunization also 
can be used as an efficient route of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneally with 1-5 x 
10^ cells that express the antigen. Immunization pr<^ocols are described in VNrr U, 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of primed T cells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloning iH-ocedures {mrrsA4) and T cell hybridoma preparation {uNrrsji). 

Materials 

Complete RPMI-10 medium (/P?£WD/jr 2) 

Responds cells: Purified T cells isolated from lymph nodes {UNiTSSJ-xe) of 

in vivo primed mice 
Antigen: 1 mg/ml sterile protem antigen(s) {vm$A3), in PBS or suspensira of 

irradiated cmt mitomycin C-treated stimulates cells expressing alloantigens 

at 8 X 10* cells/ml {UNfrsM, suRKjrt protocol) in complete RPMI-10 naedium 

(appenddcz) 

Accessory ceUs: suspension of irradiated or mitoniycin C-treated (or T cell- 
depleted) spleen cells syngeneic to the re^nding T cells at 5 x 10* cells/rnl 
in conq)lete RPMI-10 naedium 

4-ml conical tubes 

96-well flat-bottom microtit^ plates with lids 

1. Follow steps 1 to 3 of the first basic protocol for preparation of responds cells. 

2. Prepare 4-fold dilution sotcs of the antigens in 4-ml conical tubes, using con:q>lete 
RPMI-10, 

ViefoUawing dilutions are recommended: 100, 10, 1, and OA /igAnl prouin antigens 
and 8, 4, Z and Ix 10^ cellsAnl (^stimulator cells in complete medium 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 ^1/well for protein 
antigens or 100 ^l/well for cellular antigras. For each experimental group, set up 
three replicate wells and include control wells wfli medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row of a microtiter plate will cover the entire tesud range. 

A. Add iesp«id«^T cells in 0,1 nal to each well. 

Purified T cells are recommended; otherwise extremely high background values may 
be obtained. This appears to be due in part to pro^eradon of recndted cells (T and 
norh-T) that are not antigen-specific. Ifunfractionated lymph node cells from recendy 
primed mice are used, add J-2 x ICP cells per well and proceed to step 6. 

5. If purified lymph node T cells specific for protein antigens are used, add 0,1 ml of 
accessory spleen cells syngeneic to the donor of the responds T ceUs at 5 x lO' ceUs 
per well. 

Purified T cells require an exogenous source of accessory norh-T cells. Accessory cells 
fimction both as antigen-presenting cells and as a source of undefined second 
signals. " They are not requiredforceUpreparatioris primed against cellular a^ 
because accessory cell fimction is provided by the stimulator cells. 

6. Proceed as in steps 7 to 9 of Ae basic protoOTL 

Culture periods before labeling can vary widely and kinetic assays should be per- 
formed In general, for T cells from primed mice, it is likely that the response will peak 
atday4or5. 
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REAGENTS AND SOLUTIONS 

Percoll solution 
Diluent: 

45 ml lOX PBS, pH 7.4 {appendix 2) 

3mI0,6MHei 

BlmlHaO 

Filter sterilize 

70% Percoll solution: 

63 ml Percoll (Pharmacia LKB #170891-01) 

37 ml sterile diluent (above) 

Final osmolari^ should be 3 10 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays for measuring T cell 
function have certain advantages and disadvan- 
tages ojnqjared to the cytotoxic T lyii^dM)cyte 
(CTL) assay described in unit sm or the 
lympholdneproducdon assays in xwnssjsASJ, 
Advantages are that proliferative assays arc 
less time-c<Hisuming, less labor-intensive, less 
ceU-<x>nsuining, and less e3q)ensive than "true" 
efiectorTcell function assays. A disadvantage 
is that antigen spcdfidty is not as casfly dem- 
onstrated in proliferative assays as in CTL 
assays, uidess antigen-specific clones of pro- 
liferating cdls arc used. Furthennore, the pro- 
liferative assay only detects di viding cdls in- 
stead of measuring true effector Tcell function. 

It is not clear which T cell function is mea- 
sured in prolifaative assays; the proliferative 
response should Aerefore be used soldy as 
gCT«al indicators of T cell reac^viQr. Data 
obtained in proliferative assays might vari- 
ously reflect proliferation of CTL, lyn:q)hok- 
ine-fffoducmg T cells, cm: non^vated •*by- 
stander*' cells, and will be severdy affected by 
the fimcticm of non-Tcdls such as access<My 
cdls (scebdow). Since tiw majority of Tcdls 
respond to and produce IL-2 upon activation, 
diff^nces in responsiveness in a proliferative 
assay in part reflect differences in ILr2 produc- 
tion by the responding T ceOs. ProlifCTative 
assays therefore become more meaningful 
when combined with the lymphokine detection 
assays presented in wwisi/i a dJ. Since respon- 
dveness toIL-2 is also detennined by 4e levels 
and functionality of ILr2 receptors, further in- 
formation will be added by including measure- 
ments of 1^2 recejrtors (WOTd/) or by flow 
cytcwnetiy (iWTi^). Yet. as a first approxima- 
tion of ccDular activation, jaolif^Mati ve assays 
are valuable. 



Critical Parameters , - 

and Itoublesliooting 

Parameters affecting the magnitude ofTcdl 
proliferative responses indude cdl cbnoentra- 
tion, type of medium, source of sertmi. incubar 
. tor cozuiitions kvd and humidity), type 
and concentrati<m of activating agent, t^ of 
responding Tcdls, type of accessory/ stimula- \ 
to* cells, mouse strain, and culture tone. 
mal conditions ics inifividual labofatoties and 
expoiments must be derived enqiirically widi 
respect to these variables, but general guide- 
lines are provided bdow. 

Anumbcr of agents can be employed in die 
first badcprotocol to induceTceD proliferation 
(Table 3,12.1). T cells may be activated by 
pharmacologic means by {soducing an deva- 
tion of intracellular free calcium with a calcium 
ionophore combined ^th activation of protein 
kinase Cwidi a phodx>l ester. The most direct 
means of irKiudng T cell activation involves 
stimulation witii monoclonal antibodies diat 
intmct with the CD3/TCR con^>lex— 4.e., 
anti-CD3, anti-TCR-^ or as wdl as anti- 
antibodies that are capable of interacting 
with a subset of cdls bearing a spedfic TOR. 
A vigoiXHis T cdl {ffoliferative response of 
d^i^ subsets can also be induced with cer- 
tain bacterial toxins known as stajdiylococcal 
entesotoxins. These toxins are often refecied to 
as ''superantigens** (Marrack and Kappler, 
1989) because th^ stimulate T cells Via the 
variable (V) gene segment of the TCR. IMffer- 
ent toxins have afiSnities for different chains 
and these specifidties make tiiem valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dependent on their 
ability to bind to MHC class II molecules 0x., 
responding Tcdls react witii the toxin/dass n 
complex); thus, respc»isiveness varies witii the 
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mouse strain used. Lectins such as phylohc- 
magglutinin (PHA) and concanavaUn A (Con 
A) have been widely used for many years to 
activate t cells. Although the precise mccha; 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirectly 
cross-linking the TCR because TCR-negative 
cells will not re^nd to tfiese agents. Lastly, it 
is also possible to induce T cell activation wth 
monoclonal antibodies to cefl-surface antigens 
odier than die TCR; this protocol employs die 
G7 monoclonal antibody, one of die most ef- 
fective of the anti-Thy-1 activators (Guntcr ^ 
alM 1984). 

When con^iaiing die reactivity of different 
cell populations, it is essential to perform dose- 
j^nsc assays for rcsponder T cells and acti- 
vating agents and for bodi responder and stim- 
ulator T cells On MLR), since each population 
may yield optimal responses at different cell 
numbcre, Ihis niay reflect (fiff^wices in fre- 
qncncy of icspon*ng cells, and hence may 
indicate a need to perfam limiting dUution 
assays iumsjs). Since peak responsiveness of 
different populations of T cells may occur at 
diff«cnt times, it is adso csswitial to perform 
Idnctic experiments— i.e^ compare rcspon- 
a veness at days 2, 3, 4, and 5. 

Diffwcnces in responsiveness need not nec- 
essarily be due to differences m die frequency 
of responding T cells, but may also indicate 
differences i n die efficacy widi which co-stim- 
ulatory activity or "second signals" are deUv- 
eied by die accesscwy cells jffcswit in different 
cell populatiois. The type of interactions pcr- 
tin^t to die generation of pnsxmy respcmscs 
by Tcells is explained in die commentaries of 
ums ijs. SJi. A sjs. Specific requirements for 
inducing activaticm widi hnmobilizcd antibod- 
ies have been described (Staciz and Sevan, 
1986; Hadicock et al,, 1989; Jenkins ct aL. 
1990). A responding cell population coin- 
pletcly devoid of accessoy cdls (such as puri- 
fied populations of splenic or lymph node T 
cells cr doned T cells) will yield fine respon- 
siveness in an MLC, since accessory cell func- 
tion is provided by die stimulator cells; how- 
ever, die same population will genwally not 
yield responses when nutpgens, antigens, or 
cntaotoxins are used- In such a setting, acces- 
sory cells may also function as antigwi-present- 
ing cells (APC). Addition of irradiated or mi- 
tomycin C-trcated syngeneic sources of acces- 
sory cells (eidi«- whole spleen cdls purified 
see first support protocol) can be used to 
restore responsiveness in purified T cells. The 
need for accessory cells can sometimes be 



bypassed when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-1 monoclonal antibodies arc used; how- 
ever, diese conditions do not necessarily result 
in optimal responsiveness (Jenkins ct al., 
1990), 

The level of pHJthymidine incorporation 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cdls 
will syndiesize DNA and **cold" tiiynudine 
released by (fisintegratmg cells wfll compete 
with incorporation of labeled thymidine. 
Therefore, measuronents of DNA syndiesis 
should be accompanied by counting viable 
cells over the length of the cdture period if a 
true estimate^ of cdlular proliferation is to be 
obtained. Of course, cell de^ of nonactivated 
cellswiUalsointcarfeicwithdieaccuracyofdiis 

last parameto'. . 

The sensitivity of proliferation assays is 
such diat sm^dl errors in ceD numbcre will result 
in large differences in pHlthymidme incorpo- 
ration values. Wlwn vahies obuuned in tripli- 
cate culttffes correspond po<Miy (c.g.. >5% dif- 
ference in cpm values >1000), technical prob- 
lerns such as cell clumping, dilution, and 
pipetting should be considered. Excessivdy 
high values may be obtained from contami- 
nated wcUs, as pHJdiymidine will be incorpo- 
rated into replicating bactraia; diercfore. it is 
good practice to check the wdls from mkroti- 
ter plates under an inverted microscope for 
contanunation. Contaminaticm may also inter- 
fere widi proliferation of the activated lympho- 
cytes. 

It is also useful to chedc for blast formation 
by microscopic examination of die cultures: 
activated lymphocytes will tend to enlarge, and 
detection of blasts will give a general uidicati<Mi 
of successfiil activation. 

The main problem that may occur widi pro- 
liferativeresponseassaysisWghlevdsofback- 
giound pHJdiymidine incorporation in control 
culture widiout antigens. This problem is fre- 
quently due to the fetal calf serum (PCS) used 
to supplement the cultures, which may be mi- 
togenic forB cells. Different lots of FCS dwuld 
be screened to select those that are nonstimula- 
tory or only wcaUy stimulatory m Ibe absence 
of oflicr stimuli, and that support strong jwolif- 
crative responses upon antigemc stimulation of 
Tcells. 

If flat-bottom microtiter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistcnfly 
better responses in round-bottom plates when 
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thymocytes arc used as respondcr cells or 
with slight alloantigenic differences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell contact obtained 
in such plates; optimal responses ynl\ almost 
certainly occur at different cell numb<ars than 
in flat-bott<«n plates and densities will have 
to be adjusted accordingly. 

Although satisfactory responses to most al- 
loantigens can be obtained with complete 
BPMI-10 medium, it may be necessary tocom- 
pare different media. This need arises when the 
proliferative responses are weak 0-c-, when 
piflthynudinc values for activated cultures are 
<10-fold higher than those fw control cultures) 
and may occur imder various circumstances: 
weak alloantigenic differences between re- 
sponder and stimulator cells, weakTcdl iho- 
liferative function in the responder cells a 
diininishedAPCfimctioninthestimulatorccUs 
due to experimental manipulations, or a low 
precursor fteqiiency of responding T cells. 
Thymocytes in particular do not contain a higji 
level of responding T cells. Frcquentiy, prolif- 
eration can be improved when cong)letc Clicks 
or Dulbeccos media are used (with additives as 
<jescribed in apf£NMX2X presumably because 
these media contain additional nutrients and 
have an osmolarity more compatible vwth 
mouse scrum than RPML 

When RPMI is used as medium, 5% COj 
will be sufBcient, but for otfier media, a 7.5% 
CO2 concentration in the incubator will be 
more satisfactory. GeneraBy, the buffering ca- 
pacity of DMEM is insufiBcient at 5%, but fine 
at 7.5%. Much will also dq>ettd on the prolif- 
erative activity of the responding population of 
T cdls (e-g^ vigorous proliferation will reduce 
tiie pH in the cultures); it is thwefore recom- 
mended to compare responsiveness in initial 
pilot expMiments in incubatas set at different 
CQ2 concentrations. 

The culture period required for stimula- 
tion--after vrfiich tiie cells are to be labeled— 
varies for differwit laboratories, media, and 
types of responding and stimulator cells. Con- 
ditions eUdting weak responses, such as those 
obtained wifli thymocytes oraweak alloantige- 
nic diffotsnce, will require a longer culture 
period (5 to 6 days) than those which dicit a 
higho- fiequency of responding T cells (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kinetic assay to 
dctcmiine the opdrrial tinws for T cell prolifer- 



ation. Addition of pH] tiiymidine on days 2, 3, 
4, 5, and 6 will provide a useful test; further 
extension of the culture period will not yield 
any improvements, due to exhaustion of nutri- 
ents in the medium. 

Anticipated Results . , 

Rjr proliferative assays described in the 
basic protocol/ which activate Ae mcyority of 
the responding T cells, responses of 100,000 
cpm shouldbe obtained; btiieMUlorfollow- 
ing activation with monoclonal antibodies to 
subpopulations of T cdls (anfi-Vp), responses 
up to 100,000 q)m may l>c observed; however; 
measurements of 20,000 qim (with tigbt stan- 
dard etras) can be quite satisfactory. Back- 
ground values of <1000 qmi should be 
pccted. Reported results (as described in step 
9a) should be mean cpm of experimoital wells 
minus background q)m (A cpm). 

Time Consideratioiis 

The time required to set up proliferative 
assay s is not mcxe than a day, with tiie number 
of hours dependii^ on Sie number of different 
groups of respondcr cdls thatmust be prepared. 
The time required for incubaticHi of cdls ranges 
fiom 2 to 6 days, as noted ei)Ove in critical 
parameters. Following an additional IS- to 24- 
hr incubation period for pulsii^, harvesting die 
ccUs and measuring cpm will require several 
houis depending on the number of plates (-15 
ininforharvesting each plate and -lOOniin for 
counting eadi plate at 1 nun/sample). 
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LOOKING AHEAD 



Dendritic cells are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 
models to pathogens that cause disease. 

The Dendritic Cell Advantage: 

New Focus For 
Immune-Based Therapies 



Summary 

Dendritic cells (DCs) provide a much earlier and antigen-spectfic mear\s for 
manipulating the immune response. The best-studied function of DCs is to con- 
vert antigens into immunogens for T cells. The •'DC advantage" ent^s a myriad 
of functions. DCs are more than antigen-presenting cells; they are accessories 
or adjuvants or catalysts for triggering and controlling immuruty. Another special 
feature of DCs is their location arul rnovement in the Ixxly; DCs are stationed at 
surfaces where antigens gain access to the body. The events that rnake up the 
life history of DCs are now being unraveled inmoleojlar terms; As research on 
DCs expands, more potential functions and more sites for their manipulation are 
becomir>g apparent. 02000 Prous Sdence. as nohts reserved. 



by Ralph M. Sieinman 



The focus of immune therapeutics 
has been on lymphocytes, the 
cellular mediators of immunity, 
and the suppression of lymphocyte 
function. The drug ciclosporin (cyclo- 
sporine) is an cxccllcnl and successful 
example. However, medicine needs 
Ih^ptes that enhance immunity or 
resistance to infections and lunrKirs. 
Medicine also needs strategies, 
whether suppressive or enhancing, that 
are specific to the disease-causing 
stimulus or antigen. In contnLst to lym- 
phocytes, dendrilic cells (DCs) provide 
a much earlier and antigen-specific 
means for manipulating the immune 
response DCs capture antigens and 
then initiate and control the activities 
of lymphocytes, including the develop- 
ment of resistance to infections and 
tumors (reviewed in references 1-3). 
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The controlling role of DCs is best 
known for thymus-depcndcnt lympho- 
cytes or T cells which are important in 
many diseases, the most poignant 
being the AIDS epidemic (Table I). 
DCs were identified in a few laborato- 
ries that were focusing on the induction 
of immunity from resting T cells, it 
was noted that immune tissues (spleen, 
lymph nodes, lymph, blood) had a 
small fraction of cells with unusual 



"tree-like" w "dendritic" processes. 
These distinctive cells had not been 
recognized previously and they proved 
to have distinct functions. Most impor- 
tantly, DCs were potent inducers of 
innmunity even in animals, not just the 
test tube, and rK)w even in patients 
(reviewed in references 1-3). 

The DC field was held hack by the 
fact that there were so few cells relative 
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TABLE I: HUMAN DISEASES THAT INVOLVE T CEOS 



r Rejection of organ transplants arvd graft-vs.^^ost disease in bone marrow transplantation 

• Resistance to many infections inchiding vaccine design 

• Vacdnes against tumors and imrnune therapies for ewsting tuniore 

• Allergy 

I JlSmmune diseases like insulin-dependent (juvenUe) diabetes, multiple sclerosis. 
t*uM tmatoid arthritis and psoriasis , 



Antigen 



-> T<eM response 




Antigen 



dendritic ceOs 



T-ceH response 



(later shown to be MHC-pcplide corn- 
plexcs) become immunogenic when 
presented by DCs.^ In other words, M 
iransplantation antigens when present- 
cd on many cell types are weak 
inununogens, but on DCs tl^y becontc 
powerful inducers of immunity/ TIk^ hI 
same is true of peptides that become 
much more immunogenic when pre- 
sented on DCs. DCs activate T cells by H 
getting them to divide and express their |P 
helper and killer funcdons. Then the 
activated T cells interact with other 
antigen-presenting cells to eliminate HI 
the antigen in question. DCs are also"^ 
called "nature's adjuvanu" because 
prior adjiivants were artificial suh-IH 
stances used to enhance immunity. ITic 
DC advantage entsuls a myriad of func- 
tions, son^ of which will be consid- 
ered below. 



Fia 1 A key function Of dendritic cells. Antigens Within ^"^^^^^^^^^ 
l^tobBpresented by DCs to become immunogens. i.e., to make T cells begm to 
gwir and exWba the^ helper and kiUer ftjncd^ 



P 
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to odKx players in the immune system 
such as B cells, T cells and 
macfX)phages. In reality, DCs are quite 
abundant for the job they have to do, 
namely, to initiate immune responses 
from antigen-specific T cells. In 
immune system organs like lymph 
nodes, DCs form an extensive network 
throughout the T ceU-rich regions and 
physically oumumb«- any given anti- 
gen-reactive T cell by at least 100 to 1. 
The DC field was also held back 
because many thought that the cells 
were no different from nnacrophagcs, 
thus keeping investigators from work- 
ing on the active DCs. Jn reality, DCs 
wcic identified on the basis of pro- 
found differcnccs from macrophages, 
and their many distinct properties and 
functions were only uncovered by sep- 
aiating DCs from macrophages. 

The best-suidied function of DCs is 
to convert antigens into immunogens 
for T cells. The antigen receptors on T 
cells do not focus on intact proteins in 
microbes and tumors, but instead rec- 
ognize fragmented or processed pro- 
teins, that is, peptides. The processmg 
of pmtein antigens into peptides occurs 
within cells, and then the peptides are 
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displayed or presented at the cell sur- 
face affixed to products of die major 
histocompatibility complex (MHC). 
The CTSuing interaction between a T- 
cell leccptctf (TCR) and its specific 
MHC-peptidc complex allows a T cell 
to detect peptides formed within cells 
in transplants, tumons, sites of infection 
and self tissues attacked during 
autoimmune disease (Table I). 
"Antigens" refers to specific sub- 
stances rccogniTed by the immune sys- 
tem, while "immunogens" refers to 
antigens that effectively induce 
responses either by themselves^ or 
together with enhancing materials 
called "adjuvants." For T cells in par- 
ticular, antigens and immunogens arc 
one and the same (Fig. I). Even 
pieprtxxissed peptides and MHC-pep- 
tide complexes arc weak immunogens. 
This was evident early on in the work 
of Peter Medawar, ite great scientist 
who discovered the immune basis of 
transplantation. He spent many years 
trying to purify functioning transplan- 
tation antigens. These efforts were to 
little avail. 

What was not known in Medawar's 
time is that min.spIanlation antigens 



Potency of dendritic cells 
in initiating immunity 
in tissue cuKure 

What are some specific features of 
TXls that warrant attention? The first is | 
their potency. Very small numbers pf| 
DCs are sufficient to trigger strong T- 
ccll responses in test tubas. Immune 
assays are generally carried out with! 
impure antigen-presenting cells, ■ 
applied at a dose of one presenting cell 
for every T cell, the latter of^cn prcac- j 
tivated. In contrast roughly one DC| 
per 30-100 T cells is more than suffi- 
cient to induce optimal rcspoascs, 
including responses by resting T ceils. 
A single DC can simultaneously acti- ' 
vate 10-20 T cells nestled within its 
sheet-like proces.*«s. Therefore, IXTs 
arc more than antigen-presenting ceils; 
they are accessories or adjuvants or 
cataly.sts for triggering and contn)iling 
immunity. 

It has always been clear that the 
accessory function of fXIs did not 
depend exclusively on their capacity to 
process antigens to form MHC-pep- 
tidc complexes. This Is because the 
stimuli that were used to define the 
potency and immune-activating mic of 
DCs did not require that the IX's 
process an applied antigen. Such stinv 
uli included major transplantation anli- 
gens, mitogens, contact allergcas, anti- 
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ix-cell antibodies and supcraniigens. 
Furthermore, once resting T cells were 

(activated by DCs, the T cells respond- 
ed vigomusly to antigens presented by 
other cell types, showing that the latter 
were not deficient in fonning ligands 
I for the antigen receptor on T cells, but 
instep lacked accessory properties. 

The word "accessory" has since 
[been replaced by the terms **profes- 
sional" and "co-stimulatoiy," but the 
basic concept is unchanged by shifting 

I terminology. T cells need stimidi other 
than their specific trigger or ligand 
(MHC-peptide cooiplcxes) to begin to 

I grow and func*tion, for example, to pro- 
duce the inlericukins and killer mole- 
cules mentioned above- DCs are potent 

I in providing the needed accessory or 
co-stimulatory functions. For example, 
DCsi produce an adhesion molecule 
called DC-STGN that binds to a tai^get 

I on resting T cells called ICAM-3,^ and 
DCs express very high levels of a stim- 
ulatory nwiecule called CD86 that 
.binds to CD28 on resUng T cells.* 
I These arc but two examples of the spe- 
' cialized activities of DCs. These cells 
do not operate as a single magic bullet. 

I Position of dendritic cells 
in vivo 

Another special feature of DCs is 
{their location and movement in the 
body. As criteria were developed to 
Identify DCs, it became feasible to go 
1 back into the animal and patient to look 
\ for the corresponding cells in different 
tissues. IX^s are stationed at surfaces 

I where antigens gain access to the body 
(Fig. 2, left). The skin and the airway 
have been the best studied. DCs arc 
found in afferent lym|*atic vessels, 
I special channels that allow cells to 
i move from peripheral tissues to lym- 
[Aoid organs, primarily the T-cell areas 
1 (Fig. 2, middle and right). This migm- 
I tion is most readily observed in models 
of skin traasplantation and contact 
allwgy, which are the two most power- 
I ful immune responses known. 

DC migradon is likely to be very 
I impoitanL The body's pool of T cells 
I primarily trdfllcs through die T-cell 
areas of lymph nodes, rather than 




BODY SURFACES, e.g.. skin, lung 
INTERSTrriAL SPACES, e.g.. demiis 



LYMPH NODE 



Fig. 2. Distribution of dendritic cells in sittt OCs at body surfaces and in soSd organs can 
pick up antigens, move to the tymphokl tissues to find antigen-specific T celts and Initiate 
immunity. Molecular mechanisms are b»ng uncovered that govern the mobilization, matu- 
ration, migration and mortality of these DCs. tn the lymph node, T lymphocytes are select- 
ed fcn^ expansion and differentiation into helper and tdHerTceOs. The activated T cells then 
leave the lymph node to return to the body suilaoe or peripheral organ to eliminate the anti- 
gen. 



througli tissues where antigcas arc. usu- 
ally deposited. So when DCs capture 
antigcas in the skin, airway or anc^her 
peripheral tissue, their migration to the 
T-cdl areas gives them a chance to 
select the corresponding rare speciflc T 
cells from the as.semblcd fepertoire 
(Fig, 2). The .selected T cells then 
iiK^rease in numbers (clonal expansion) 
and function, enabling the specific 
immune response to begin. The initial 
frequency of T cells that recognize an 
antigpn Is very small. Only one in 
10,000-100,000 of T cells in the reper- 
toire responds to a specific f^HC-pep- 
lide complex. Therefore, it is so precise 
and efficient for DCs to be able to pick 
up an antigen in die periphery and then 
initiate the immune response from rare 
T-cell clones in lymphoid organs. 

The events that make up the life 
history of DCs (Figs. 2 and 3) arc now 
being unraveled in molecular tenns. 
For example, «cienti.sLs arc figuring out 
how to expand antigen-capturing pre- 
cunsofT* to DCs u.sing ni3 ligand and 
granulocyte colony-stimulating factor 
(G-CSF). Key players for the mobi- 
lization of DCs from the periphay to 
lymph nodes are the multidrug resis- 
tance receptors, usually studied for 
their capacity to mediate rcsistance to 
chemothcrapeutic agents rather than 



movement of DCs. Migration of DCs 
is controlled by dKanokines produced 
in the lymphatic vessels and lymf^td 
organs (Fig. 2). These act on DC 
chemokine receptors to orchestrate 
their movement to the T-cell areas. 
Then within the lym^KHd tissue, sev- 
eral members of the tunior necrosis 
factor (TNF) and TKF-rec^or fami- 
lies, such as TRANCE and CP40 lig- 
and. trigger DC production of 
cytokines like intcrieukin- 12. The TNF 
family also maintains DC viability. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
function provides targets for nnanipu- 
iating immunity. 

Priming of T-cell immunity 
via dendritic cells 

Animal studies 

During the eariy research on DCs, 
several labs administered antigens to 
expeiinocntal animals and then tried to 
identify the cells that had captured the 
antigens in a fcmn that was immuno- 
genic. Regardless of the route of anti- 
gen administration (blood, muscle. 
skitu intestine and airway), DCs were 
the major reservoir of immunogen. 
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Next, DCs were used as nature's 
adjuvant to immunize animals. The 
DCs woe taken from mice or rals, 
exposed to antigens « v/v» and injaa- 
ed back into immunologically naive 
recipienis. The animals became immu- 
i,b«l to the antigens that had been cap- 
tured by the DCs, and the immuniza- 
«on took place in the lymph nodes 
draining the site of DCjnj^io^ 
Genetic proof was provided that the 
DCs were priming the animal direcUy 
and not simply handing off their anti- 
gen to odiercdls.^-* 

DC-based immunization is really 
very different from all prior attempts sa 

cell therapy. Immunology has had 
extensive experience with "passive 
immunization " whereby a recipient .s 
given lai?e numbere of cells that are 
iUvated prior to injection, it is hard to 
produce such large numbers of cells, 
and their lifespan, diversity and eflTica- 
cy arc an finite. In contrast, when rela- 
tively small numbers of antigen- 
charged DCs are used to induce 
immunity.thisproduces-active.mmu- 
nizalion." Now the animals (and 
patients, see below) can make their 
diverse and longer lasting 
immune response to the antigen-bear- 
ing DCs. 

Human Studies 

The above experiments made it 
clear that DCs, pulsed ex ww, with 
antigens, actively ]^'^^'^^.^"'^. 
and raised the exciting po.ssibility that 
scientists would be able to induce res«- 
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' — tA^/jrftirftBHs as aduvants for enhandngimmuntty to tumors and Wec^ 

hlS^J^STliS^rSmnone therapy begins vrith the isolatton of OCp 
tious «8«rtsta luMnan^^ pre^rsois develop ex vivo f«i relative-"^ 

•"^^ '^^^^S^^rtT^Sm^'S DCS. Durtng tWs time 



tance to tumors, infections and trans- 
plants in patients. For example, cmild 
one expose paticnte' DCs ex vivo to 
antigens in their tumors and then rein- 
fiLsc the antigen-bearing DCs to elidl 
tumor-specific immunity (Fig. 4)? This 
approach is actually not terribly com- 
plicated, but one first had to ov«in»me 
a major obstacle and Icam to generate 
large numbers of DCs. The.se tech- 
niques became available in the 1990s. 
They have eoetgi7«l the field and. 
accoitlingly. clinical trials, for the 
immunization of humans against can- 
cer have begun on most continents. 



It Ut evident that DCs can serve asP| 
adjavants fi>r humans, converting anti- 
gens into immunogens.'-'" Even in _ 
advanced cancer, immune rcspt»n.scsp| 
already have been observed that are«^ 
similar to or belter than immune 
responses obtained with other ■ 
approaches. However, tWs approach isp 
still in its preliminary stages, since a 
good deal of science remains to bc^ 
developed. On the tme hand, there arc | 
critical unknowns in terms of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have ovcr-B 
kwkcd key features that ciwild improve ■ 
DC function, such as the need for DCs 
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to be sufficienily mature (sec below) to 
be effective in vivo. Also, DC biology 
has to be placed in the context of spc- 
icific tumors and pathogens and 
patients for DC-based therapieji to be 
optimized. 

To summarize and further illustrate 
the n)le of DCs in the context of human 
disease (Table I), consider the need to 
harness T cells to resist tumors and 
chronic infections. Protein antigens 
often arc known for a tumor-like 
melanoma w for a vii^is like HIV- 1 
whose genetic sequence has been 
available for more than 15 years. 
However, this knowJedge about anti- 
gens from melanoma and HIV- 1 anri- 
gens remains to be converted into 
methods that provide better immuno- 
gens either for immune therapy of 
melanoma or for the design of HIV- 1 
vaccines. This is because some impor- 
tant facts of immunological life are 
being ovcriooked. When antigens are 
injected, they also need to gain access 
to the right DCi to become immuno- 
gens (Fig. l). 

Delivering antigens 
to dendritic cells 

Broadly speaking, a central goal is 
to leam how to deliver or •target*' anti- 
gens to DCs and simultaneously to dif- 
ferentiate or "mature" the cells to their 
most potent state. These two chal- 
lenges, antigen targeting and DC mat- 
uration, prove to be intertwined. 

Targeting means that the antigen 
should be in a form that the DCs can 
recognize. Without such recognition, 
the uptake and subsequent processing 
of antigen to form MHC-peptide com- 
plexes is suboptimal, DCs have a num- 
ber of special mechanisms for captur- 
ing antigens and converting these into 
MHC-peptide complexes (T^le II). 
For example, DCs have a receptor 
called DEC-205 whose binding part- 
ner or ligands are still unknown. 
Nonetheless, it is cl^ that DEC-205 
greatly increases die capacity of DCs 
to form MHC-peptide complexes." 
DCs also cany out a fascinating 
process called •*cross-presentalion." 
DCs cm take up dying cells and effj- 



TABLE U- DENDRITIC CELL SPECIALIZATION TO INCREASE MHC-PEPTIDE 
COMPLEX FORMATION 

• Receptors for antigen uptake, e.g., DEC-205 

• Processing of dying ceUs. rx)nrepUcating mkarot>es and immune comfrfexes onto MHC dass 
I ("cross-presentation'') 

• Regutetion of antigen processing b)f maturation sSmufi 
»austeringdTH:ell receptor Hgandswth commutators like CD86 



ciently extract peptides from them, so 
antigens "cross'' from the dying cell to 
the DC, The discoverers of this phe- 
nomenon called it **resurrecting die 
dead.***- Cross-presentation allows 
DCs to efficiently form MHC-peptide 
complexes from dead cells in tumors, 
transplants and tis.sues under autoim- 
mune attack. 

Special uptake and processing 
mechanlsnts allow DCs to tailor a pro- 
tein antigen, as well as the proteins in 
a complex microbe or tumor celU into 
peptides that bind to an individual's 
MHC produces. The latter are excep- 
tionally polymorphic, differing g«wti- 
cally from one individual to another: 
As a result, the relevant immunizing 
peptides differ from oi^ individual to 
another. One reason why peptides are 
not ideal immunogens is ttwt tbey must 
be individualized. DCs, in contrast, can 
capture antiger»> with high efficiency 
and likewise extract peptides that are 
relevant for any individual. 

A second DC advantage is that 
these cells have the many required 
accessory or co-stimulatory properties 
for converting the selected peptides 
("antigcas") into effective immuno- 
gens. A thiid DC advantage is that 
these cells position tiiemsclves in a 
way that leads to the identification of 
rare antigen-reactive T lymphocytes in 
vivo (Fig. 2). DCs thus ovcnxwne many 
of the difficult obstacles in initiating 
immunity. 

in oitler for an antigen to be a 
strong immunogen, one needs to pro- 
vide a stimulus for the final difTcrcnti- 
aticMi or maturation of the DCs (Fig. 3). 
Most D& in the body are in an inrnia- 
ture state and lack many feawres that 
lead to a strong T-cell response. 
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Immature DCs, for example, lack die 
CD86 and CD40 molecules that great- 
ly boost the DC-T cell interaction. 
Inunaturc DCs also lack a chemokine . 
recq>tor called CCR7 tiiat seems very 
important for proper migration and 
homing to lymph nodes to start immu- 
nity. For cancer immunology, it is 
unlikely that tumors provide niatura- 
tion stimuli Tumors may even block 
DC maturation induced by other stim- 
uli. Tterefore it is impwiant to leam 
how to deliver tumor cells to DCs and 
bypass the normal obstacles to effec- , 
tive antitumor immunity. 

Surprising rec&ni evidence actually 
links DC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table II).' Immature 
DCs take up antigens, but they do not 
make abundant MHC-pe|«ide com- 
plexes until they receive a maturation 
.stimulu.s.'^"* Maturation also up-regu- 
lates CD86 co-stimulators, but the 
CD86 actually travds togcdier with the 
TCR ligands to the sur^ of the DCs. 
At the DC surface, die MHC molecules 
and CD86 remain clustered with each 
other, keeping the machinery for T-cell 
activation juxtaposed. This phenon*e- 
non will help explain the potency of 
DCs because TCR ligands and co- 
stimulators are displayed together on 
the cell surface and in high levels. 

Control points beyond 
antigen targeting and 
maturation of DCs 

Researeh on DCs is nwving more 
vigorously, becaase the cells are tmrt 
readily available and because their mle 
in the immune system Is considered 
essential. Nonetheless, researchers in 
this field are just beginning to find 
ways to manipulate DCs in situ. 
Putting together an antigen that targets 
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to DCs wiih a slimulus for DC malura- 
tion win be a major step in improving 
the conversion of antigens mto 
immunogcns. as in immune-based 
therapies against tumors and infcciious 
agents. 

Additional challenges and ques; 
dons are evident: 

• How can DC numbers be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

• Can DCs induce strong immune 
memory to make vaccination long 
lasting and efTectivc (wc have only 
been rcviewing the role of DCs m the 
initiation of immuniiy)? 

• Can DCs change the quality of the 
immune response? -Qualiiy*' refere 
to recent evidence for different types 
of DCs, especially a subset that 
induces Thl -type T cells for resis. 
tancc to infectious agents and suong 

memory. 

• Is it possible to move beyond DC- 
based immunization experiments 
and use DCs to either regulate or 
tolerize the immune system, as Ite- 
quenUy required in UansplantaUon 
and autoimmune diseases? 

#Can DCs inRoence elements of the 
immune system other than T cells; 
for example. B cells and die mnatc 
defenses provided by natural kUler 
(NK) and NK-T cells? 

The answer to all tiicse questions is 
a preliminary "yes.-* As research on 
DCs expands, more potential fumiioas 

and more sites for their manipulation 
are becoming apparent 

Dendritic cells and better 
control of disease 

DCs provide important avenues for 
the investigation of human disease. 
Many labs are exploiting DCs to iden- 
tify antigens relevant for immunity 
a/ainst human pathogens. In these 
experiments, one introduces complex 
but clinically important anugens to 
DCs and then identifies which compo- 
nents are best presented to the immune 
svstem We have recently used this 
approach lo identify previously un- 
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known immune responses to the 
Epsteia-Barr virus,'^ a virus v^e all 
carry that has the potential to cause 
cancer like Hodgkin's lymphoma. 
Other laboratories have been using 
DCs to identify new antigens in other 
infectious agents, in transplant and in 
cancers like melanoma. 

investigators are also manipulating 
DCs ex vivo and then rcinfiising the 
cells to ideritily conditions leading to 
strong immunity in patients (Fig. 4). In 
particular, DC-mediated active immu- 
nization against cancer is being vigor- 
ously pursued, as mentioned above. 
Instead of manipulating DCs ex vivo, a 
mtHC desirable goal would be able to 
alter DCs directly in situ. Some 
approadies arc under way. An example 
Is ttte injection of cytokines like tlt3 
ligand and G-CSF to mobilrzc various 
precursor populatitins of DCs. One 
should also develop methods to control 
DC mobiliTation, migration and nwtu- 
ration. In sum, DCs are allowing sci- 
entists to overcome a longstanding 
obstacle to research in immunology by 
extending the playing field beyond 
antigens to immunogcns and beyond 
models to pathogens that cause dis- 
casei. 
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Coexpression of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor 

.♦t AMMr O Chva* David S. Schoenhaut*. Cynthia M. Dwyer*. Warren McComas*. 
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CoinmunicatJ by John J. Bum,. Ftbrmrt 4. 1991 
ABCTRACT Cylotojdc lymphocyte m«Uir»lloa toctor 

SS«*ta flvi (S) .ynenjto with «*op«tod con«^ 

5iiF subuntt cDNAs from ■ lymphoWastoU 8^*0*5 
Tl« two sulwnltt repi««t two dMiict and 

SSI^COS «ils b oeeessary for the stcretton of bW^^ 
f^m^OTS crib transfwted with either wbuiill 

^^t^^ -"^y^ blologlc^jc^ «- 

^SXd by nuwodonrf m«bodi« p«p««I .ed^^ 
SjS^Sfacethbbtterodlinerfcprotefadfaptay. 
^taS^. we propose that CLMF be gh«. the dedg. 

oatioo inteifeiiiclii 12. - - ' 

The molecular doning and expressioo of recombinaiit cyto- 
Ws bMB^e posTiWe both significant advances in our 
undmtonding of die molecular basis of immune respoiBes 
^ tSTvelopmcnt of new approaches to the treatoent 

states As an example, recombinant mteileukin 2 
S^binant lU-2) has been shown to be capable of causmg 
regression of esublished tumors m bol* expenm«ital am- 
and in man (2): however, rts chmcal «*e tos been 
associated with significant toxiaty (2). One potentoa^ V 

jSl^impn,viS *e '^.^ "•^V^^SS 
cytokines is to use them m cwnbuiaUon 0. 4). With this 
Sun mind, we initiated a search for novel cytobncs 
Srwould syneigize with suboptimal concentrations of re- 
JimwSnt K!Tr«tivate cytotoxic lymphocyte, in vU^ 
and thus might have synergistic unmunocnhancn* effects 
Xn^dStered together with recombinant lL-2 m vivo. 
STledtothe Identification ofa factor, designated cytotoxic 
iS»S:^ maturation fiictor(CLMF). that ^yr^r*^ 
Sibinant IL.2 to fecmtate the generaoon of both o^dytic 
rShocyt«. (CTLs) and lymphoklne-acUvated taBer 
iJ^catii^ vitro (5. «. CLMF 
irhnmAseneitv from a human lymphoblastoid B<«U line 

hctcSi^ composed of two subuniU with molecuUr 
40 klTaad 35 kDa (^.^^We "ow import the 
molecular cloning and expression of CLMF. 

^^^i^^Z^^ihcft^ be beieby marked 



MATERIALS AND METHODS 

cDNA Clooing. A subline of NC-37 cells selected for its 
abifity to produce high levels of CLMF (7), NC-37.98. was 
induced with i^orbol 12-myristatc 13-acctate (PMA) and 
calcium ionophore A23187 for 16 hr. Poly(A)+ RNA was 
isolated, and random hexamcr-primed cDN A libraries were 
cstabUshed in phage AgtlO by standard procedures. Mixed- 
primer polymerase chain reaction (PGR) using controlled 
ramp times (8) was performed as follows. PGR primers 
contamed aU possible codons and were 14 or 15 nucleotides 
Iwig CFig. 1) with a 5' extension of 9 nucleotides containing 
an Ecoitl site f<M^ subcloning. Degencractw varied frwn 1 in 
32 to 1 in 4096; 0,5-4 pmd per permutation <rf fiwward and 
reverse primer was used in a 50- to lOO-fd PGR mixoire with 
40 ng of cDNA made from NC-37.98 cells that had been 
activated by culture with 10 ng of PMA and 25 ng of calcium 
ionophore A23187 per ml for 16 hr (40-kDa sulnmit) w with 
3 ug of human genomic DNA(35-kDa8ubumt), PCRcydiiig 
parameters were as follows* Initial denaturation was at 95*<: 
for 7 min. Low-stringency annealing was pcrfonncd by 
cooling to 37^ over 2 min, incubating 2 nun at 3TC, heating 
to 72^ over 2 J min, extending at TTC for 1.5 min, beating 
to 9S^ over 1 min, and denaturing at 95\: for 1 min. This 
cycle was rq)eatcd once. Thirty standard cycles (404cDa 
subunit) or 40 standard cycles (35^d>a subunit) were pw- 
formcd as follows: 95^ for 1 min, 55X for 2 nun, and 72^ 
for 2 min. Fmal extension was at TTC fw 10 mm. "AmpU- 
cons" of the expected sire were gel-purified, subcloned, and 
sequenced. Hie 40-kDa subunit cDNAs were isolated by 
hybridizing the 54-mer ampUcon in 5x SSC (Ix SSC « 0^ 
M Naa/0.015 M sodium citrate, pH 7) contatmng 20% 
f ormamide at 3rC overnight. Filters were w^^edin 2 x SSC 
at 42^ for 30 min and exposed to x-ray film. The 35-lcDa 
sut)unH cDNAs were isolated by hybridizing the 51^r 
amplicon in 5x SSC/20% formamide at 37^ overnight. The 
filters were washed in 2x SSC at 40-C for 30 min and exposed 
to x-ray film. Positive clmies were plaque-purified, their 
inserts were, subcloned into the pBluescript plasmid, and 
their sequences were determined by using Scqucnase. 

Exprcsaon. cDNAs were separately engineered for expres- 
sion in vectors containing the simian vims 40 early promotor 
essentially as described (9). COS cells were transfccted with 
both CLMF subunit expression plasnuds mixed together or 

Abbreviations: CLMF, cytotoxic lymphocyte roami^^ 
raSSpwd nCLMF, recomtrinant and naniral CLMFs; CTL. cy- 
rTraKi iL. interieukin: LAK,Jyniphoidne4^^ 
m^jHA^^hi^ PMA,.pbort)^ U^nyiisute 13- 
acetaU.n.nanind:PCR.polyi«^ 
tTo whom reprim requests shouW he addressed, ^ . 
tThe cDN A^q^coi re,x>rted in this 

the Genbank data base [accession nos. M3g443 (35-kDa CLMP 
StaS and *mU4 (40^a>a CLMF s^ 
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51 HUJKARQTLE FYPCTSEEID HEDITKDKTS TVEACl^LEL TKNESCU.SR 

101 ETSFITKGSC lASRKTSmi ALCLSSIYED UCKYQVEFICT MNAKUilDFK 

151 RQIFU)Q^L AVIDEUCQAL NFNSETVPQK SSLEEPDFYK TKIKI^ILUi 

201 AFRIRAVTID RVTSYLNAS 



1 HCHQQLVTSW 

51 DTPEEDGITW* 

101 LLLLHKKEDG 

151 DLTFSVKSSR 

201 AAEESLPIEV 

251 QVEVSWEYPI) 

301 RKNASISVRA 



----> 

fslvflaS^l vaiweuckdv 
sgktltiqvk 
kepknktflr 
gaatlsaerv 
enytssffir 

LTFCVQVQGK 
EWASVPCS 



TUXJSSEVLG 
IWSTDIliOXl 
GSSDPQGVTC 
MVDAVHKliOf 
TWSTPHSYFS 
QDRYYSSSWS 



YWELDWYPD 
EPGDAGQYTC 
CEAKNYSG^ 
RCDNKEYEYS 
DIIKPDPPKN 
SKREKKDRVF 



APGEHWLTC 
HKGGEVLSHS 
TCtfWLTTIST 
VECQEDSACP 
LQLKPLKNSR 
TDKTSATVIC 



smpUficatioa 



^ 1. «^ e^n»fatfilv by the DEAE-<icxtran method, 
ivfcniy-iuiu - .jj^ mediuin contajmng 1% Nutn- 

Sf;^ mUSi ^SnSrand supema^^ fluids 

r^««ijd4«Cunta tested in the bioassays. 
^•^mSLT Standanl mdecular biological proce- 
duS^tSt^tescribed (10). CLMF bioassays were 

P*^"^"«^Sl%e National Biomedical Research 

«SSSSaS<S^d 24.0. respectively) were searc^ 
^^?«moto«us to GLMF cDNAs. The two sub- 
for "^SSed toeach other using the auon 

S^"Kr'drSSc%reak penalty ^6; see ref. 

11). 

RESULTS 

Partial N-terminal amino add sequences Pf. 
l^klTit. en wei« used to generate completely defined 31- to 
SSlSr ^P).1.S diSonudeotide PJ^'** "^"^^^.^ 
• wTi These probes were used to screen cow a 

jmxed P"'°^,S MM fromactivated NC-37.i>8 cells, and 
"SJJT'^S A^>wo^«SSu were isolated and char- 
''°^^*^"S*cDnIS ««co3e secreted proteins with a 
SSiX*hS?N-.eS signalpeptide imm«2l«y 

and cS» 10 

'^.S^^ridSs Sdfour potential N-linked glycosylation 
^« « Sese'sites are within isolat^l t^-f c 

sites (Rg. l). [r^^e ourificd 40-kDa CLMF subunit 



222 is glycosylated, whereas Asn-125 is not ffW- l; 
Podlaskt persomd communication). The iMture JS-Hhi sub- 
Sr^,i;^ofl97aminoadds(calcuhitod^ 
vdS, 7 cystdne residues and three potential N-Unked ^yco- 
!T»,nn dte^ffia. 1) When purified CLMF is reduced with 

subunit appears to be heterogeneous, suggestuig ttat it may 
hi h^vSK«>^ variants of 35-kDa sutamt- 

M.^ing KSi were Uolated. TTk first tXf . had the 

shown in Fig. 1. Additional isolates 
rSISably an allelic variation, replacing Thr.213 with a 
methionine residue. , ^»t...A- 

Computer searches of sequence databases showed tot the 
aminowid sequences of the two subumtt are not retoted to 
anv knowm protein. The subunit sequences are also not 
XSTeaSTother. since . comparison using the joaw 

(11) gave a score of 1.27: only 8cor« >3 are 
ffiered ti indicate significant evolutionary rdaUonship 
02) iSegenes encoding the subunite appear to be unique. 
22^ to$.?«uJ higb-stiingency hybridizations of genomic 
Woto revealed identical banding patterns (data not shown). 
Sa bloTshowed the size of the 40-lcDa subumt mWIA to 
Sr2:4 S; whereas the 35-kDa 

1 4-lcb transcript (Fig. 2). Expression of the two mRNAs 
e^toding the subunits was coordinately regulated upon in- 
dSSVig. 2). When NC-37.98 cells were activrted with 
PMA Mid cSdumiooophore for72 hr. mRNA encoding each 
of the CLMF subunits was minimaUy detectoWe at 6 hr rfter 
Se^dnS of induction but was readUy detected at 24 hr 
^ wntinued to accumulate until maximal levels were 
^cl^ iThr (normalized to OAPDH -^A leveU; see 
Se legend to Fig. 2). In contrast. for IL.2 in 

!^^NC.37.98cdls was already at highlevelsat6hr and 

SJSuentiy decreased, whereas ti« mRN As for tiie low- 
alW IL-2 receptor (p55) followed die indu<^ pattorn 
seen for the CLMF subunits. Scanmng of RNA blots ako 
^^Itot steady-state mRNA levels for the 40-kDa 
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f PMA hints showing the coordinate inductioa of the 

NC-Sfw celU aSrf with 10 ng of PMA .nd 25 ng of «temm 
Ifl AMiS owral were loaded in each hue. Laae* ftwn left 

^'I^i^1^offiy^(l//V''^> I^-«i«y exposal*.. (I^*r)TV«. 
uidoelioii. after strippiiig and rebylaidization 

CLMF subunit were severalfoW higher than thoje for the 
«jX subunit expressed by the same ceUs. This finding 
2S« Te obser^tion that activated NC.37 cells seci«e 
S2w fiS 40.kDa subunit protein (7). The 3' untranslated 
!r»^e« of both CLMF subunit mRNAs contain several 
S^t£SSi«'^''f LATITAT (data not rfwwjO. 
^i?rtMn«ice Is present in other transiently expressed 
SjMta i^vo^^ regulating mRNA stability (13). 
"^li^sion of the 4WcDa «kI 35-kDa CLMF subu^ 
/.nNA/in COS cells was required to generate secreted 
S£ricX aSre^LMF CW>le 1 and Fig. 3). COS celU 
^NA encoding either the 40.LDa subunit 
Ear Ae 35-kDa subunit alone did not secrete WolpgicaUy 
SlTe^F nSle 1). Mixing media conditioned by COS 

Table 1. Coexprcsikm of both CLMF subunit 
active CLMF by COS celti \ 
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cells that had been separately transfcctcd with one or the 
other of the two CLMF subunit cDN As also did not give rise 
to bioactive CLMF (Table 1). ^ 

Two types of assays were used to compare rCLMF and 
nCLMF. The first assay measures the proliferation of phy- 
tohemaggjutinin (PHA)-activated humiui peripheral blood 
lymphocytes, whereas the second assay evaluates the syn- 
ergy between CLMF and suboptimal concentrations q£ iL-2 
in the generation <rfLAK cells in hydrocortisone<ontaining 
cultures (7). Thedata in Fig. 3 show that iCLMF as expressed 
in COS cells and nCLMF as purified from NC-37 cells are 
essentially identical, Doso-responsc curves for rCLMF and 
nCLMF were superimposablc in each of the two assays, and 
tCLMF was neutralised by a monoclonal anulxxly raised 
against nCLMF. Conditioned media from cultures of mock- 
transfeclcd COS cells displayed no activity in these assays 
(Table 1 and dau not shown). 

DISCUSSION 

In a previous report (7), we described the purification of a 
bcterodimeric cyUtoc. CLMF. that syneigized with low 
amounts IL-2 to cause the generation of LAK ceUs in the 
presence of hydrocortisone and stimulated the proliferation 
of activated T cells independent of IL-2, In the presoit 
report, we have used the N-terminal amino acid sequence 
information previously obtained to clone the two sul«init 
cDNAs of CLMF. Protein purificati<m of NC-37 cell line- 
derived CLMF bad shown that the protein was composed <rf 
two disulfide-bonded subunits with different N*tenninal 
amino add sequences (7). However, it was not clear from our 
previous results whether the two sulmnits were processed 
fixHn one common gene product and whether proteolytic 
posttranslational iwocessing other than signal peptide cleav- 
age was occurring- The molecular cloning and sequencingiC^ 

cDNAi is required for iccretioa of Wologicafly 
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PHA-activated 
lymphoblasts, mean 
cpm ± ISEM 
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dCLMF 

Culture fluid fiom COS ccUs transfccled with 
A. CLMF subunit cDNA 
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C, 35-kDa + 4(McDa CLMF subunit cDN As 

1:1 mU of culture fluids A and B 
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iilSSjS^r^C^^ 
Cone., concentration. 
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Fio.3. Comparison of WotogkactiviliMoJJrfa^ 

I^f^^oodhiooed media: iCUrfF 

!i!!^^!4kHrm CLMF Btepantiom were mixed wrth neunliang wt 

teG^lSW incubaicd for 30 mui «l 37^: pnor to 
ti«u7LiiMr) LAK cdl inductioo assay. The abdtfy of CXMF. alone 

•vmbob) itcombinaiit lL-2 «t 7 J umts/rol. Unrts of CU«^ ««»^y 
Stt^Ly«Bof«a4abd«dDaiidi cells was assc^^ 



/"roc, Uatl Acad, ScL USA 88 {1991) 

the corresponding cDNAs now has demonstrated that there 
is no common precursor for the two CLMF subunits; rather, 
they are encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units arc strikinjjy similar; differences in predicted versus 
actual molecular weights are accounted for by glycosylation 
(F Podlaski, personal conunumcation).Thi»s, the only ro^or 
posttranslational proteolytic event that appears to take place 
in the matuiuUon of the CLMF subuniU is signal peptide 

cleavage. ^ • • 

The kinetics of expression of the individual CLMF subunit 
mRNAs were examined and compared to the expression <rf 
mRNAs for IL-2 and the IL^2 receptor p55. Previously it had 
been <*scrved that NC-37 cells, like certain murine a4) and 
mannoset (15) B-ceO Uncs, secreted ILr2 when activated 
(M K-G.,unpubUshed results), RNAW<rtsdemonstrated that 
upon activation <tf NC-37 ceUs, both CLMF subunit mRNAs 
were coonlinatcly induced with kinetics simihur to the IL-2 
receptor (p55) mRNAs, On the other hand, IL-2 mRNA 
levds peaked much'eariicr. Similar differences in inducuon 
kmctics were also seen at the level of IL-2 and CUSF 
bioactivity secreted from NG-37 cells {M.K.O.. unpubUshed 

data). These kinetic <lifferences are consistent with our 
previous observation that in a cytdytic lymphocyte re- 
sponse IL-2 a{Hf)ears to act eailier than CLMF (5). 

TransfccUon studies with COS ceUs established tiiat only 
coexpression of both subunit cDN As gives rise to secreted 
bioactive CLMF, Thus, it awKars that the two proteins have 
to interact withm the endoplasmic reticuhun to assemble 
DTOPcriy into bioactive secreted CLMF. By comparing the 
activity <rffCLMF to that <tf nCLMF in tiie T-cett growth 
factor and LAK ceD inductioo assays (Fig. 3) and assuming 
that the specific activity of iCLMF is similar to that <tf 
nCLAlFP X 10^ units/rag C7)], we estimate that the amount 
of rCLMF heterodimer produced in these experiments was 
5-50 ng/ml. The finding that COS cells, which are fibrc^last- 
like cells, are able to assemble correctly the two CLMF 
subunits to form bioactive CLMF indicates that this secretion 
and processing pattern is not limited to cells of the lymphoid 

Western blot analysis using an anti-CLMF antibody spe- 
cific for the 40-Wa subunit has allowed confirmation that (0 
COS cells iransfectcd with both CLMF subumt cDNAs 
secrete CLMF with the expected heterodimeric structure and 
m COS cells transfected whh the 40-kDa subumt cDNA 
alone secrete that subunit (F. Podlaski, personal communi- 
cation). Since no bioactivity was detected in media qotO^ 
tioned by COS celh transfected with only the 4<McI>a subumt. 

that subunit by itself appears either to have a much reduced 
spectftc activity compared with heterodimeric CLMF or to be 
completely inactive. ^ ,^ * 

Because of the lack of a high-afTinity anUbody specific to 
the 35-kDa subunit, we have not yet been able to determine 
definitively v^edier COS ceUs transfccted with only the 
35-kDa subunit cDNA secrete that subunit. Since no bioac- 
tivity was detected in the media, secretion of a biwtive 
35-kDa subunit by itself could be very inefficient; altjxi»- 
tively, similar to the 40-kDa subunit, the protein coidd be 
much less active or inactive altogether. IntraceUular 35.kl)a 
motein in the absence of the other subunit couW be inherently 
unstable; there is precedence for this phenomenon, «wx it 
has been reported that 90% of the p chains trfhitropin O-H)* 
when expressed in the absence of o chains, are retained m the 
endoplasmic reticuhim and are slowly d^raded (16), Simple 
mixing of media conditioned by COS ceUs transfccted sep- 
arately with either one of the two CLMF subumt cDNAs did 
not yield bioactive CLMF. One possible explanation would 
be that the cells do not secrete the 35-kDa CLMF subumt by 
itself More likely, our experimental conditions did not allow 
proper heterodimer formation. One would expect that only 
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.carefuUy controlled renaturation and oxidation conditions 
would ^low the disulfide bond formaUon required for gcn- 

appropriate induction conditions produce both CLMF 
unU mRNAs and secrete the acuvc protein (N.N. and 
M K.G., unpublished data). There is some evidence suggest- 
^fi tha ClW is produced predominantly by B ccUs n 
Sli^nary experiments, B-ceU mitogens have appeared to 
n^rTrffccdvc than T<cU mitogens m ehaUng CLMF 
SoSfS!^ peripheral blood lymphocyte (M.K.G 
.Sbl^ed resulte). When screening human ceU hncs for 
ST^Say to^^ CLMF activity (7), wc obse^ed that 

wiS FMA and calcmm lonophore, whereas none of 
fi^T-^ lines produced CLMF. Nevertheless, Arte of 
ihiL S secreted large amounts of \L-2 and tumor 

Jr^airtor activi^ after activation (M.K.G., unpub- 
S ^si^Lf^^^^^ naturaj^kiUercellstimulat^^^ 
(NiSf) a hcterodimeric cytokine similar or idcnUcal to 
cSavL bolated from RPMI 8866 lymphoblastoid B cells 

A iS iSort a© ^ ideated that B lymphocytes 
S's^^ a c^W) distinct torn IL-2 that facilitates 
^,««^ffic cytolytic T-lymphocyte responses. It ts posa- 
w^^Si^fSFC^rtovc been the cytokine active in those . 
JSdS S alSK B I y mphocytes have not tiaditionall y 
iewcd as cytokinc-producing helper ccUs, rt is coo- 
cdvable that CLMF production cowUtutcs a novd mcda- 

wSy B lymphocytes contribute to the amplification 
STivSK responses. In addition to the biologic ac 

sS (Otoactivate NK cells m an 18-22 hr assajMiO to 
fSte the generation of specific aUo^adc CTL re- 
s^a^ and {Ut) to stimulate the secretion oTy mterfaon by 
STfSh^ Wood lymphocytes (M.K,G.. unpubhshed 
«S ft can also syncrgize wttii low concentrations of 
recombinant IL-2 in the latter two assays and m causmg the 
SSn rf resting peripheral blood lymphocytes. In 

^ diver^J actions on lymphoid cells, it appeara tiw^ mff 
Siwtitutes a hew interieukin. We propose that CLMF be 
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given tiic provisional designation lL-12. The availability of 
recombinant CLMF will now make possible a broader and 
more detailed characterization of its biology, 
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Immunization With Melan-A Peptide-Pulsed Peripheral Blood 
Mononuclear Cells Plus Recombinant Human Interleukin-12 
Induces Clinical Activity and T-Cell Responses in 

Advanced Melanoma 

- By Any C. Peterson. HdenaHorlin, and Tlwm^ 



...^^^heral blood mononueleor cells (PBMC) loaded 

duced CDS* t-cell respoMe. end tumor '*l«5»»'^ ^ 
{.ntly delem..ned that r^ombinont » 
to 1 M ng/k9 b effecHvo as o voccme «d|«vont in polient«jA 
Bh*i*e n sSdy of immwUxoUon with Melon-A pephde- 
pub^ "w!e + rhlUa w« condociwi In 20 patient. wHh 

advanced melononiae .... * ^ 

.n^ A1et<.o<fe PolienH were HlA-A2-p^ 
kLl diicumented Melan-A expression. Immunization 

cHnicol ^vol^n 

Iv»v three cydese Immone responses were measured by 

finrt^rwTcydes, ond wece correlated with cKntco! ouKome, 
Telu^^^^^^^ had received fnior therapy arid ^ 

ViSSTmetosIa^ Norn^theless, two patient, achieved a 

-K >rOST MEIj\NOMA tumors express antigens Aat 
JVL lecogDized by CD8^ T cells. '-^ Nonetheless, tumors 
frequently escape immune destruction, either ftora a failure to 
generate an optimal tumor antigen-specific T^ell response or 
fhwn development of resistance to the T-cell re^nse mduced. 
One strategy to overcome the former hurdle is through active 
immunization, the opportunity for which has b<^n ^cUitated by 
the molecular definition of melanoma antigens. Specific CDS 
T ccUs that are properly activated can home to tumor sites and 
JdU tumor cells, to the extent to which they can overcome 
negative immunoiegulatoiy pathways and tumor resistance. 

The optimal immunization strategy for inducing tumor 
antigen-specific CD8* effector T ceUs in humans remains 
undefined However, antigen-presenting cell-based strategies 
have shown promise. Both monocyte-derived^^ and bone mar- 
row-derived' dendritic cells (DCs) have been loaded with 
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complete response, five potients ochievi^ a mmer or mixed 
ie»onse. and four patients had stable disease- The mecfian 
sun^al v«is 12.05 months for all patienH and was not yet 
«achedfortho$ewithanormalbctatcdehydro9enase.1lW 
no orode 3 or 4 toxicities- Measuremcftf of specific a>S* 
T^efl responses by directed vWo aiSpotreveoledasignifiw^ 
inoeose in interferon gammo-produdng T ceOs ogomst 
Mehm-A {P = .015) ofter vocdnotion, but not against on 
Epstein^ virw control peptide (P = .86). There w«a 
correlation betwe^ the mognitode of the increase m Mekm- 
A-spedfic cells and clinical response (P = .046)o 

Condusfon J This immonixation approach may be more 
straightforward than dendritic cell strategies and seems 
to hove cUnicd activity that con be correlated to o biologic 

end potnte ^^^^ . * . 

i chn Oncol 21:2342-2348. C 2003 by Amencan 
Society of Clinical Oncology*^. 

melanoma tum<Mr antigens and administwed in the advanced- 
disease setting, with evidence for immunization and tumor 
regression in subsets of patients. However. DCs are cumb«somc 
to generate and alternative approaches that are more straightfor- 
ward yet equally as effective would be usefiil. One cofector 
produced by DCs that contributes to their efficacy is interleu- 
kin-12 (IL-12), whidi facilitates the induction of interferon 
gamma (IFN.yH)roducing cytolytic effector cells.*''*' Endoge- 
nous IL-12 seems necessary for optimal rejection of unmuno- 
goiic murine tumors"'" and provision of exogenous IL-12, 
either alone'' or combined wiA tumor antigen-based vac- 
cines,'^'** can induce rejection of pre-establi^icd tumors in 
murine models. We previously have shown that coadministr^n 
of IL-12 with pcrq)bcral blood mononuclear cells (PBMCs) 
loaded witii tunwr antigai peptides induced specific cytolytic 
T-lymphocyte responses and tumor protection in mice, circum- 
venting die need to generate dendritic cells.^ Ibe ease by which 
PBMC can be isolated fran patients has made this an attractive 
approach for clinical translation. We recentiy conducted a phase 
I clinical study to determine the dose of recombinant human (th) 
IL-12 necessary to mduce T-ceU responses in combination with 
antigen-loaded PBMCs, and found tfiat doses fixmi 30 to 100 
ug/kg administered subcutanebusly (sc) at the vaccine site were 
optimal and weU tolerated.*' The effective range of doses 
indicated diat a straight dose of 4 fig might be used. 

In this article, we describe results of aphase U clinical study 
of immunization with Melan-A/MART-P peptidei>uhied autol- 
ogous PBMCs + ihIL-12 in HLA.A2-positive patients with 
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advanced melanoma. Immime responses were analyzed using a 
direct ex vivo ELISpot assay. We show that this vaccmc 
approach had cUnical activity and that the magnitude of in- 
creased T-cell response correlated with clinical outcome. 

PATIENTS AND AAET>K)DS 
Patieni Enrollment and EligibiliO' 

!!Zmanee 2=70, and adequate heinatopo«*c roal. ««Ihe!«Oc 

!^^or mno*. tad biologic theraW «cdv«d 

STfe B surface antigen or hua»n imn««Kfcfic^ 

^^^i«mpli«« «d infooned consent. •"^^'^"ff-^^tS 
tnZtioned pqrtic ulcer disease, or but unconWdW ham 

^:^5iS «able and did no. squire corticos.e«ids we« an^ 
enter onto tbe trial 

Patieia Characteristics 

Twemy patient, with metartatic tnetanoma wc« f?** 
JS«Ld consent Patient chanK:teristics a« outhned .nTable 1. An 
Sstd ^.vancd disease: the nuijority tad « 
^^astasis, 60S of wWch wen: visceral (ie. noncutaneoas and nonpu^o^ 

Appr«inu.tely two thiids of the p«ien.s had «ce«*^ 
^^^had an elevrted laC-e dAyd«>g«nase (LDH) fcvd. 

.SSi^3e^l antig-. (mumps. C.»«fi<i.. or THJu>phy,u,) by DTH 
gldn testing. 

RT-PCR Analysis 

RNA was isoUted fiom Cresh "umor^ using ^^^f^^ 
chloride. cDNA was synftesized «id PCR was perfonned f« MeW 
and beta-actin using the primer pairs and reaction cond.Oons descnbed 
previously." Control ratttioiis without wver« tnuisarvtase w«re per- 
CrJn.1. out a contribudon of genomic 0NA. PCR products were 
visualized using a 1 J% ethidium bromide^tained agarose get No formal 
quantitation was performed. 

Vacdne PrqMraHon 

•n.enw consisted initUUy of th.ee 21^y cycles. VaccB^ 
givTimihe first day of each cycle and rhIH2 was »dnun«te«d subcuu- 
^^on days 1. 3. ami 5. Approximately 100 to 150 mL of P«>ph«^ 
wlm^tswasconecu^lpnday 1 of eachcycfcmtobq*^ 
rJeaTuaing sterile technique. PBMCs w«e isolated over a 
Jti,J^ien.V,mphop«9; Axis^ PcC, Odo. Nonvay). 
Zl^ZS^^ «sospcvM fa Drfbecco-s ph«pha.o*»ff«ed «^ 
rareSlatWX lO'ceUstoLAtleastlOX IO»cellsfh»neachs«nplew^ 
ilv,rLf«d to riepare CDS* and CD8- 6w«ion$ for subsequent conel- 

r^^iSi^ Tta Melan-A^,, '^J^^^^ISr 
oLuced ac«Xg to good msm^^ 
C^S,^rpLDSo.CA)«uJp«.videdinly^ 
^^LlTwere pupated at 5 mmol/L in dimethyl sulfoxKle and sto«d at 
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TobUI. Patient ChoradefisHcs 
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10 




aevoledtDH 
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45 



^^bbreviolions: cvaaj, w«|*-Pi«..-» ^..^-o, _ - . 

olfa-:&;lDH,locWedehydfogenae; DTH, deby^^ ^ 

•Expervnentol ihen^y other than a mcJonomo vocdne, enmunomodukrtory 
^toldne, or chemotharqay. 



-g0*t: for^ to 3 months. Peptide prqwratkms were quality controlled for 
HLA-A2 bindrag. sterffity, and identity by hijJiiJerfBnnance liquid chroma- 
togiapby wd mast apectromctry . An aliquot of peptide was jdSto^ to 20 
umoUL in DPBS and mixed with an equal volume of patient PBMCs (final 
r^db conccDtratioa, 10 lunol/L; target number of PBMCa. lO^ followed 
Cincubation «i 37^: for I b«ff in 10 mL DPBS. 1\» ccDs were Aen 
imdiated 00 Gy). washed in DPBS, and iesu:q>endod in 1 ^ 
«apension of pcptide-loaded PBMCs was injected sc using a 1-m^ 
and aTl-gaugc needle, divided evenly into two wtes. Preferred sites were 
those near draining lymph node basins but i>ot nc^ 
mraiber of PBMCs administered per vaccine ranged ten 78 to 100 x nr. 

rtaL-12 was provided by Gcncdcs Institute (Cambridge, MA) as a 
hrophilized powder of 10 m« y^camL Eadi vial was intended for 
single use only and was stored as a powder in owr research pharmacy at 2 to 
g«C until reconstituted widi sterile water for injection. Once teconstttuted, 
tiOL-n WM loaded imo 3-mL syringes and used within 4 houis. cfaIL-l2 (4 
^) was administered sc with a 25-gaugc needle just after pulsed PBMC 
SoculatiOT and immediately adjacent to one of fee two immunization sites 
on days 13 and 5. The same approximate location was used for eadi 
hyection <rf pqKidei)uls<d PBMCs and rhn^n for cadi c^ 

Toxicity Assessment and Criteria for Clinical Response 

Toxicities were determined using the National Cancer Institute common 
toxidcy criteria scale versicm 2S>, A complete reqwnse (CR) was asagned if 
there was dis^ipcarance of aU lesions without the vppcatax^ of any new 
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lesions; a partial response (PR) was defined as 50% reducDon m to^ 
tumor volume; a minor response (MR) was defined as less than50% 
reduction in total tumor volume; progressive disease (PD) was assigned if 
new lesions appeared, any tumor reappeared, or if a 25% increase m tumor 
area was observed; a mixed response was assigned if at least one tumor 
decreased in size widi odwr or new tumors growing stable disease (SD) was 
anything fliat did not fit the aforementioned criteria. When possible, 
cutaneous lesions were j^tographed. 

CD8^ T'Cell Preparation 

CDS* and CDS' ftactions from PBMC were isolated at die time of 
o—arttion of eadi vaccine and cryopreserved until analysis m ^ 
Ssh^ CD8*Tlyinphocytcswereisolatedbypositive5clcca<musingCa58 
nUcrobeads and magnetic columns (MACS system; Milteayi Biotech, 
Auburn, CA) the unbound CDS" &acti«i was cryopreserved for use as 
Bnth^tHfftsmtmg cells for in vitio cxpansi<m of specific CDS* T ccUs^ 
Al^Jtbe primary EUSpot analyiU was performed directly with thawed 
cells, a secondary assay was carried out after in vitro expansion. F<ff m 
vitro ocpansioo. CDS" cells were duiwed fium eadi time point and pooled, 
«Used with 50 lunoUL MeUn-A pqrtidc in scrum-free Iscovc's mod^ 
^toco's medium (IMDM) widi bctajHmcrogkftmiin, irradiated aOOO 
^ washed, and plated at 2 X 1 0* cens^^l in 24^ ptae^ 
^d^andaitaedwitbt^ 

in IMDM medium contahung 10% human AB serum. Aftff 5 
were coIk«ed and plated with a DCW betdi of Mdai^A-^ 
cdb. After an ad^tiooal 5 days Ac CCDs were oolkcted and tested. 

EUS^t Assays 

Briefly 96.WCU membrane bottomed plates (MAHA S4510; Millipore. 
Bedford; MA) were coated widi 15 y^mL of antihuman IFN-7 wtib«ty 
fMabtedL Cincimiati. OH) m PBS, The plates were washed and CDS T 
cells, either freshly thawed at 5 X 10* cells/weU or after in vitro e^naon 
at 5 X 10* cclWwrfl, were plated hi triplicate in IMDM medium with 10% 
human AB serum. T2 celU (transporter assodatttl wiA andgen pr^^ 

deficient cell line. American T>pe Culture CoUection no. CWl^^ 
nulsed for 1 hour at 3rC wifli 50 ,imol/L peptide (dte dcnvod from HIV 

riLmVHGV], Epstein-Barr virus [EBV; GLCn-VAML], or Melan-A 
IAAGIGE.TVD, wadied, and plated at a 5-tD-l ratio to the T cells. A 
i»)]icate of CDS* T cells was stimulated with PMA OAwbol 12-rayristate 
I X-accme) (50 ng^mL) + iowmiycin (0 J M«/taL) as a posWve control After 
24 hoa«, the celU were removed by washing with PBS + 0,05% 
(wash buffer), and biotinybted antihuman IFNry antibody was added m PBS 
+ 0,5% fetal calf serum, m plates were incubated for 2 to 4 hours at room 

temperature, washed, and streptavidb-alkaline pho^ 

temperature, ne plates were then wa^ BOP-NBT 
(5-bronKHl^lofo-^indolyl phosphatdiutro-bhie tetrazobum) was added, 
and die pUtes were finally washed with water and allowed to air dry. Plates 
wen scamied with an nJSpOL reader (CTL Technologies. OcveUnd, OH) 
and the number of spott per well was enumerated after the badcgroond was 
iet <m the basis of wells diat had been hicubated with medhun alone; q>ot 
seoaradon was adjusted using hnmuno^ software (CTL Technologies), 
breach sample, the numb<» of T cells producmg IFN-r in response to EBV 
or M(^A peptides was dctcrmuied by subtracting Ac number of spots 
in response to HIV peptide. Tlie mean and SD were determined for each 
triplicate sample. Afta- immunization, fee tinwi point at which peak ftequen- 
ci«ILmg the first ti«e cycto were^ 

Statistical Anafysis 

Comparisons between pre- and post^USpot frequencies were performed 
osmg a paired / test, and comparisons of augmented EUSpot frequencies 
between lesponders and nonresponders were made usipg an ui^atred 
two^ded t test Cwrelations between various dicbotomous variables and 
clmical outcome were made using Fisher's exact test (two^decO- Survival 
data were deterromed using Ac Kaplan-Meier method, with differences 
amom subgroups assessed the k^-cank tcsL AU analyses w«^ 
usmg SPSS software (version 8.0; SPSS Inc. Oiicago, IL). 
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RESULTS 

Immunization Treatment and Toxicities 

Each 3-wcek cycle coaisisted of immunization on day 1 and sc 
ifaII^12 administration on days 1, 3, and 5, as described in 
Mcdiods. Three cycles constituted one course of th«^y and 
patients were evaloated for response after eadi course, Padents 
were observed as itq)atients in our General Clinical Research 
Outer for the first 24 hours of each cycle. 

Adverse reactions are listed in Table Z All but one patient 
completed at least three cycles of ther^y. There were no grade 
3 to 4 toxicities; two patients had grade 2 neutropenia and two 
patients had grade 2 ALT or AST elevations, which were fcversable. 
The most ccmmuKi adverse reactions were fetigiw and fisvcr. 

Climcal Outcome 

Clinical response outcomes are listed in Table 3. Two patients 
had a CR, for an overall response rate of 10%. In addition, four 
patients (20%) had a mixed response, one patient (5%) bad an MR, 
four patients (20%) had SD. and ihe remaming lune patients (45%) 
had PD. The sites of tumor re^x»)se wwc diverse. The two patients 
who experienced a CR both had numerous metastases of 2 cm ot 
less and a nwmal LDH, One patiail was female, had irailtq^ 
cutaneous lesions, and IK) prior tber^ the ofeer patient was male, 
had imiltiple hmg lesions, and bad e7q>erienced priw treatment 
Mure fiom chenaoimmunothcr^. Neidiff patiait cjqpoioiced a 
. lecuixence wife a mean fbllow^^p time of 28 voac^ at d» tin» of 
data analysis. Of the five other patients i«*o showed a decrease in 
size of at least one tumor mass, three had reqxxises in skin, one had 
a vtspaosc in bone, and one bad a response in an adrenal Icsicm. 
Three of die four patients with SD had visceral metastases. 
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Peptide-^^ T^il Responses by EUSpot 

A caiefiilly cotitroUcd IFN-y ELISpot assay was used to 
monitor the immune response to immunization- Qyopresaved 
CD8* T cells were thawed in batch fa^on and stimulated in 
triplicate diiecdy ex vivo with T2 celU loaded with peptides 
derived from cither HIV, EBV. or Mclan-A, ITxe HIV vahies 
WOT subtracted from those obtained with cidier Melan-A or 
EBV as an internal control at each time point Seventeen of the 
oirolled patients had adequate cryoprescrved material wiA 
wlucb to perfonn immunologic assessments. 

As shown in Fig 1, some patients displayed a high ftequoicy 
of MeIan.A-«pecific CD8* T cells before vaccination, with as 
high as 1% of CD8* cells responding to this peptide. Tliese T 
cells were fimctional because they produced IFN-r The majority 
of patients showed an inaease in the frequency of Melan-A- 
specific cells after immunization (P = .015). In contrast, the 
fSiencies of specific CDl^ T cells responding to the EBV 
peptide did not vary significandy overall .86). Although the 

changes in T-ceU frequency were modest, these results demon- 
strate an antigen-spedfic response after immunization with 
Melan-A peptidc-pulsed PBMC + riiII^12. 

The changes in Melan-A-specific ELISpot frequencies were 
compared among padaits viK> had a mixed response or better 
and those who had no clinical response. As shown in Fig 2, the 
mean increase in Melan-A-^pecific T cells for the cluneal 
responders was 112 ± 45 and for nonrcspondos was 26 i: 16, 
indicating &at a greater absolute increase in Mclan-A-^ific T 
cells was associated with tumor regression {P ^ .046). 

St^val and Associations Between Immunologic Parameters 
and Clinical Outcome 

The ovotU median survival was 12.25 months and is shown 
in Fig 3A. Seven patients remained alive at tfie time of data 
analysis, with all patients followed beyond 12 months. Because 
the presence of elevated levels of serum LDH is a known 
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responders 
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between Mdafr^-«p«ific aiSpo* «fe<pi^ 
par«l between iwpondef»<«d nonfeH*^^ 



negative prognostic frw:tor.^ survival was also conqmred m 
response to this vaccine on the basis of LDH level (Fig 3B), The 
median survival for patients with an elevated LDH level was 
925 months, whereas the median had not yet been reached for 
those with a normal LDH {P = -005). In addition, die median 
survival for patients who exp«ienced a significam mcreasc in 
Melan-A-specific T ceUs was not yet reached, compared 
8.5 months for patients without a significant increase m Melan- 
A-^ific cells (Fig 3C; P = .120). 

Additional immunologic parameters tiiat had been measured 
were also analyzed for associatimxs wiA citha clinical re^xmse 
or survival and arc summarized in Table 4. Neither a positive 
recall DTH to standard antigens nor a relatively hi^ number of 
EBV- or Melan-A-specific CD^* T cells before imnumization 
correlated with eitiier outcome. The median fffctreatmrait Mclan- 
A-spccific t cell ftequcncy was 23 in clmical ncHiresponders and 
-26 in respondas. To increase the sensitivity of dxe assay to 
detect Melan-A-spccific T cells, an in vitro expansion was 
performed on die preimmunization sanq>les and analyzed by 
ELISpot as described in Methods, Ten patients show<^ hi^ 
Meian.A-^)ecific T cell fiequendes after in vitro oqwmsion. 
However, this also failed to coiTelatc with clinical outcome. 
Finally, although a normal LDH level was associated witii 
survivi it did not correlate with clinical response and also did 
not correlate with immune response. Collectively, these results 
reinforee the specificity of the result showing a significant 
association between an increased number of Melan-A-specific T 
cells and cUnlcal outcome. 

Expression of Melan-A in Resected Tumors 
After Immunization 

It was OHKeivable that sotw patients dcvelc^ PD despite 
inmiunization because of outgrowtii of Melan-A-negative tuimff 
cells, Po^tieatment tunwr samples were obtamed from inogresstng 
tiunofs from tiiree patients and analyzed by RT-PCR Altho^ 
new metastasis that developed in patient I was n^vc for 
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Melan-A expression, those samples fiom patients4 and 6 retamed 
detectable expression of Melan-A mRNA (Fig 1). THese r^ 
indicate that, although outgrow* of antigenKiegative tutors am 
occurs odier mechanisms of resistaiicc to immune destniction likely 
explain die ladk of clinical respaise m odier patiaits. 

DiscusaoN 

In this study we used Mclan-A peptide-pulsed autologous 
PBMC + rUL-12 as a vaccine to treat HLA-A2-posiUvc 
patients with advanced melanoma. We observed a si^gmficaBt 
Lease in Melan-An^c IFN-7-pioducmg CDS T cells 
after immunization, and found a statistical association ber«.e«i 
clinical response and the magnitude of the specific T-ceU 
increase. Although it is difficult to compare across mdividual. 
small phase U studies, these results are simUar to those that have 
been reported using antigen-loaded dendritic cells, but with a 
strategy that may be more straightforward ID execute. 
^3ation of the peptidcloadcd PBMC:s typically to^ 5 
hours fixmi phlebotomy to injection, and quality control of the 
ccU product was fecilitatcdby the lackof an extended m vitro 
culture period and absence of exposure to culture medium or 
serum proteins that is required for dendritic cefl preparations. 
Conversely, dendritic ccU vaccines have been prepared in 
batches and oyoprescrved in individual doses in some studies, 
which obviates die need to prepare a fresh vaccine at each time 
point Cryoprescrvation of vaccines has not yet been 
Sth our current approach. A comparative trial between PHMQ 
ihIL-12 and dendritic ceU-based vaccination may. therefore, be 
of interest as the technologies continue to develop. Our results 
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sig)port the n<^on developed in preclinical models that lL-12 
can ccmtribute to effective antitumor immuruqr, and are consis- 
tent with the results of a recent adjuvant vaccme study using 
rhIL-12 in melanoma.^^ 

We used a direct cx vivo EUSpot assay to assess antigai- 
specific T-ccU responses in tius study. Control cxpaimcnts 
testing EBV reactivity from normal donors revealed that ELIS- 
pot analysis could be performed accurately on cryoprcscrved 
CDS"^ T cell saitqjles immediately after thawing (H. Harlin and 

T. Gajewski, urqniblished data). We found that background 
teactivity against tiie control HIV peptide varied among patients 
and to some extent among time points for an mdividml patient 
The magnitude of increase in apparent Melan-A-rcactive T ceUs 
would have been greater in some patients had tiie values 
obtamed with die HIV corrtrol peptide not been subtracted. We 
beUcve that this experimental detafl is critical because it normal- 
izes die samples for background differences and provides an 
internal control for minor variation between individual vials of 
cryoprescrved T cells. We also compared the Melan-A frequen- 
cies to diose against an EBV control peptide, to determine 
whedier the treatment was altering ELISpot results. We per- 
formed our analyses on purified CD8* T ccUs to ccmirol for 
variable numbCTS between patients and across time points. It is 
possible that we excluded subpopulations of CDS" T cells, 
CD4* T cells, and natural kiUo" T cells that could have produced 
IFN-7 in response to Melan-A, Nonedieless, our results revealed 
a measurable and significant increase in Mclan-A^^>ecific T 
cells posttrealment Our currentiy enqiloyed ELISpot assay is 
distinct from die assay used in our phase I trial of peptide-pulsed 
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PBMC + rfiIL-12 and in otha trials^'-" in which in vitro 
expansion had been pCTfonned before assessment of IFN-y 
production. Analysis of T-ceU responses with minimal m vitro 
manipulation should most accurately reflect the status of those 
cells in vivo. 

High fiequencies of McIan-A-«pecific, IFN-ri^roducmg 
CDS* T cells woe observed in some patients at study entry 
when they clearly had progressively growing melanoma. This 
obsCTvation indicates that Ac absolute frequency of functicMial T 
cetoagainst a nrajor antigen does not correlate with the bdiavior 
of the tumor. We also found no statistical associaticm between 
this high ftequency and clinical outcome; in fac^ the two patients 
who experienced a CR had undetectable Melan-A-specific T 
cells before ther^y. Although high frequencies of T cells 
reacting with a Melan-A tctramcr have been detected in some 
nonnal donors,^ those cells had a naive surfece phenotype and 
did not produce high levels of IFN-y. What did correlate with 
clinical response in our current study is a meaningful increase b 
Melan-A-^Kcific T cells posttreatment Tbesc increases were 
modest (a net gain of 112 spots per lO' CD8* T cells on 
average), indicating either that a subtie alteration in the steady- 
state between the immune response and a growing tumor in favor 
of increased T-cdl frequencies is sufficient to translate into 
tumor regression, or that another immune function that we are 
not measuring is contributing to tiie final event of tumor 
shrinkage. Tumw regressions without detectable increases in 
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T-cell fi^ucncies using standard assays have been observed in 
other studies.^' 

The median overall survival in our study was 12.25 montiis 
fiom treatment initiation, which is greater than the expected 6 to 
9 montiis for this patient population. Although it was a relatively 
small study and subject to selection bias; most patients were 
pietreated and had visceral disease, one half of the patients had 
elevated serum LDH levds. and four patients had treated brain 
metastases. As has been seen in melanonu patients trated witii 
standard therapies, we found that an elevated serum LDH level 
was a negative prognostic factor for survival. Whether. this is 
reflective of tumor burden or the metabolic state of tiw tumor 
cells tiiat have adapted to an anaerobic environment is unclem^. 

Some patients developed increases in Melan-A-fipccific T 
cells and developed progressive tumor growth despite retained 
expression of tiie antigen on posttreatment biopsies. This bbsCT- 
vation is similar to that seen in murine studies" and indicates 
mechanisms of tumor resistance downstream from initial T-cell 
priming, presumably within the tumor microcnvironmcnt Poten- 
tial explanations include poor T-cell trafficking to tumor sites, 
presence of neg^ve r^idatcoy cdls, T-ccU anergy or deatii, 
expression of inhibitory molecules by tumor cells, ot downregu- 
lation of class I m^or histocompatibility complex or antigoi- 
processing molecules.^-^ Future studies should investigate 
definable mechanisms of tumor csc^ tiiat allow tumor cells to 
resist elimination by antigen-specific T cells in vivo. 
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Vaccination with Mage-3A1 Peptide-pulsed Mature. 
Monocyte-derived Dendritic Cells Expands Specifac 
Cytotoxic T Cells and Induces Regression of Some 
Metastases in Advanced Stage IV Melanoma 

By BeatriceThurner*InaHaendle/ Claudia Rikler.* 
Detlef Dleckmann.* Petra Kelkavoussi.* Hetaut Jonul^^^^ 
Armin Bender.* Christian Maczek.* Doris SchreUie^^ 
Peter von den I>iesch* Eva B. Brocker.* Ralph M.Steinm 

Alexander Enk,S Eckhart Kampgen.* and Ceroid bchuler 
^J^^drtTTclU (DCs) are considered to be promUIng a4 

were eviaeni in o/ 1 1 infiltration whereas nonregres^ lesions lacked CUb 

cerand. in addition, provides evidence for an acave^i^o 
as wefl as escape by lack of tumor antigen expression. 

Keywords: dendrmc cells -vaccination -ac^^ 
<^taxlcT lymphocytes 

u 11 t„mor-reacttve T cells are tolerized by Oie tumois (1. 4). 

T t is now establlshedtt^t the Inunune ^^"^ ^ ESoma provides a compelling setting in which to pur- 

Iparticulariy CD8* COs. tturt can '^B^TZ^l, 1 a current god of cancer Immunothetapy. the generation 

geS^dkintumorsU.Z) Nev^less a of tSmor-spedHc T ceU immunity, particularly 

U that these T cells are either not mduced or o^y w^^X (4) . jhe majority of tumor antigens identified 

induced. U.. the T cells are not evident In the ^^^^ ^^'^ ^ melanomas (2). Limited «tfimelanoma 

culation. One possiblUV U that there U inadequate t»«nor gfer ^^^^^^ ^^^^ (5). and infusions of IL-2 

presentation by dendritic cells (DCs) ' ^^J^ SLSX^can lead to rejection of melanoma (6). 

juX- for eliciting T ceU immunity (3). Another is that ^^^^ ^^^^ ^tlbody rather than 

. CTL responses. Therefore, several novel strate^ are be- 

iAM««bd«»«s«J Jb ttepapa^ CNS. centnl neivoui rfstmc DCs. den- explored to induce tumor-^)eciflc T ceU immunity. 

jriT^ imi. detay«d-type hypenemitMv: MOM. m»j«yu«on- 6 ^^cination Is One of these (3). Immature DCs capture 
diuonad medtam; in-. levcoe «n«c«lPt~: ^ 
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anUgens but lack full T ceU-sUtnulatory activity (7). In the 
nresence of appropriate sUinull, such as inflammatoty cyto- 
kines the Da mature. DCs upregulate T ceU adhesion and 
costiniulatoiy molecules as weU as select chemoklne recep- 
tors that «?uide DC migration, into lymphoid organs for 
of antigen-spedfic T «lls. The use of DCs as a«l|u- 
vants is supported by many animal experiments wldi pri- 
marily mature Da (3, 8). These studies have shown that 
the injection of tumor antigen-toaded Da reliably Induces 
tumor-specific CTL responses, tumor resistance, and in 
W^g^ssion of metastases (3. 8). In^ejew pitot 
trials reported so far for humam. tinmatun; DCs have been 
employed (9-11). Scattered tumor responses a« «P«ted. 
but evidence for the induction of tumor-spedflc CTLs by 
DC vaccination has not been shown. 

We have developed a technique to generate large num- 
ben of homogenous populations of mature and stable 
from mbtiocytes In the absence of nonhumanproteimU^. 
13) We are now exptoring the use of thfese Da as vaccine 
adjuvants m humans. Here we provide the proof of theprin- 
dple by demonstrating that tiiree Intracutaneom Injections 
of Maae-3A1 peptide-pulsed maure Da reliably enhance 
. jSSf-^pSc CD8* and recaD CD4- T ceU Immunity 
tateavily pretreated. progressive stage IV melanotra 
^ la«e tumor toads. Expansions of Mage-SAl-^pedBc 
GTL responses have not been previously detected after 
Mage-3A1 peptide vaccination in less advanced melanoma 
oaCtoTts (14). underscoring the potent adjuvant properties 
DCs. As regressions of metastases also occurred upon 
DC-mediated ImmunlzaUon and were accompanied^ 
CDs* T ceU InfUtration. we propose that the induced 
Mage-3Al-speclfic CTLs are active In vivo. 

Materials and Methods 
Patfentfl(giWfltK Criteria 

Patients ^ ellglMe If they wffered &«" »^ ^ ^^J^ «^ 
„,^,^ a«a„eo« malignant melanoma (1988 V^mertcan Joint 
Committee on Cancer/Union Internationale Centre Cancer 
dTNM staging 9«eiiO that was not cunWe by lesecOOT 
^^35r^(lmnu««)the«py.Fu.^ 

an expected surrtval fe4 mo. Kamoliky Index a60%. 
^^yr n^raUe dtease. HIA-Al poritlvtty «q«sston of 
^3 ^^3^reve« tn-^crlpt-se (Rl)-rc^ 
one«cbedmetasta»b. and no systemic chemo-. «dlo-. or im- 
munotherapy within 4 wk (6 wk In the case of nittosurea dnigs 
^^^^w^ flnt DC vacdnaUon. A positive skin test to recaU 
^^^Twas not required. Important exclusion crit«la were ac- 
Secentnd nervous system (CNS) metastasis, arv slgra^ 
atric abnomiality. severely impaired oigan fiinction (h^^ 
^ Bve,). active afloimmune disease (except vitlUgo). previous 
Vlenectonv or «Ilation d«apy to the ,pl«n. organ alto^ 
X« for another active malignant neoplasm, pregnancy. 
J^:,,ey«t.on (or intent to panu:^ 

C««na^tream^ (chemo- or Immunotherapy. <*^P^ 
olds, investigational dnigs. paramedical substances) was prohlbtted. 

Stivers* orsu.gic.lthen(y of selected metastas^ 

tain medications (acetaminophen/paracetamol. nonstefoUtOanti- 

inflammatoiy dnigs. opiates) to contml symptoms v«re aUowed. 



CUnical Protoco/ and Study Design 

The study was peifomied at the Departments of Dermatology 
in Eriangen. WOrzbuig. and Mainz. Geimany according to «an- 
daids of Good Clinical Practice for Trials on Medicinal Products 
In the Euix^)ean Community. The protocol vm approved by the 
Protocol Review Committee of tiie Ludwlg Institute for Cancer 
Research flvlew Yoik. NY) and performed under supervision of 
Its Office of CUnkal Trials Management as study LUD #97-001. , 
The protocol was also approved l>y tiie ethics committees of tfie 
involved study centers. 

The study dedgn Is shovm bi Table II. AH patients gave writ- 
ten Informed consent before undergoing a screening evaluation 
to detennlne ti>elr eligibility. Extensive clinical and laboratory as- 
«sments were conducted at vldtsl. 5. and 8 CTable lD and con- 
sisted of a complete physical examination, staging procedures, 
and standard laboratpiy values as well as special ones {prepaiKy 
test, ftee testosteitwe'ln mate, autoantibody profile, and anObodte 
to HIV-1/2. human T cell lymphotrc^lc vlnis Qrpe I. hepatitis B 
vuus. arid hepatitis C vliii^ . Patienb were hospitalized and exam- 
ined the day before each vaccination and were monttored for 
48 h after the DC Injections. Adverse events and changes to labora- 

toiy values were graded on a scale derived from the Common 
Toxicity Criteria of the National Cancer Institute. National Insti- 
tutes of Healtii. Bediesda. MD. 

ftodurtion of the IX; Vaodne 

During prestudy screening, we tested a smaU amwint of fresh 
blood to verify ttiat appropriate numbere of mature DGscouM be 
generated ftom tiie patient's monocytes (12). Sufficient DC num- 
bere could be successfully generated in aU patients, but In some pa- 
tients the tert g^Jeratim revealed tiiat TNF-a had to be added to 

asure m maturation. To avoki repetitive Mood drawing, vre per- 
fomied a sln^ leukaphwetis during visit 2 to ^nerate DCs w de- 
scribed (13). In short, PBMCs ftom the leukqrfieresls (alO'" nu- 
cleated cdbO were Isolated on Lyn^hopH^^ ^y=°^J^;^ 
and divided into tiiiee fractions. The first fraction of 10» PBMCs 
was cuftured on bacteriotogical petri dishes (Cat. #1005^akon 
Labwai^ coated wtti) human Ig (100 WmU Sandogobbi~: San- 
doz GmbH) m complete RPMI 1640 m«lium (BtoWhtoM 
«u,plemented vvtth 20 p«/ml gentamleln (Retobadn 10: Merck), 

2n5l4 glutamlne (BtoWhtttaker). and 1% heat-macttvated human 
plasma for 24 b to generate nKHiocyte-condltioned medium 
oIlCM) fbr later «e as the DC maturation stimulus. The sec«id 
fraction of 3 X 10« PBMa was used for Uie genwattoi of DCs fw 

vaccination 1 and delayed-type t^pen^^ lint 
herent monocytes were cultured In 1.000 U/ml GM-CSF (10 X 
Novartii and 800 U/ml IL-4 (purity 
>98%; 4.1 X 10^ U/mg In a Uoassay using proliferation ctf human 
IL-4r'* CTLL; CeDGenlx: expressed In Esdbaidda tail and pro- 
duced under good laboratoiy practice conditions bitt verified for 

good manufacturing practice [GMPl safety and Purt^«to ^ 
udforSd and tiienMCM was added to mauire tiie DCs. MCM 
H supple^nented in patients 04. 06. 09. 11 . and 12 wltii 10 ng/nU 
GMP-rhU TNF-« (purity >99%: 5 X 10' U/mg In a btoas^ us- 
ing murine L-M ceBs; a gift of Dr. Adolf. Boehringer Ingd- 

helm Austria. Vienna, Austria) to «sure ^^'^^^^^^ 
M^ Da were harvested on day 7. The tidrd fraction <rf PBMCs 

was frozen In aUquots and stwed In the gas phase «rf Uquld nitrogen 

to generate Oa for later vacdnaflons and DTO tests. 

DQ for vaccinations were pulsed wWi ti»e Mage-3A1 pelade 

(15) (EVDPIGHLY. syndiesized at GMP quality by ClinalCiO as 
tumor antigen, and as a recaU anUgai and positive cctfrtrrf^ tetanus 
toxoU Crn or taibetcuUn (if at visit 1 ti« DTH to TT In die 
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Muldtest Mcrieux ww > 10 mm: both purchased from the Baae- 
riaJ Vaccines Department of the Sutens Senun InsUtute. Copen- 
hagen Denmaric). The recaU anUgen was added at W M«/niI for 
Ae to 24 h. and the Mage-3A1 peptide was added at 10 jiM dJ- 
«ctlv to the cuhu«« for the last 8 h (if Immunity to recall anU- 
^was stiongly boosted, the dose of recall antigen was r^uced 
to 1 0 or 0 1 p.g/ml or vwB omitted for the intravenous DC in- 
jections to avoid a cytokine retease syndrome). On day 7. maure 
DCs were harvested. lesuspended In complete medium, washed, 
S?pS «S^re with Mage-3A1 peptide («>w at30 pM) 
for 60 mln at 37°C. DCs were finally washed and resu^paided in 
PBS (GMP qualt^ PBS: BloWhlttakei) for Injection. DCs to be 
used for Mage-3A1 DTH tests were pulsed vrtth Mage-3A1 (but 
no recall antlge.0: DCs that sen/ed a, negaUve control In the 
DTH tests were not pulsed at aU. An aUquot rf tfie DCs to be 
used for vaccinations vws analyzed as described (13) to assure that 
hu«Uonally active and mature Da were generated. -Die features 
of the DCs are described to Results. Rdease criteria were typical 

morohcjow (>95% nonadherent veiled cells) and phenoQ^ 
^95%!^-DR***CD86***CD40*CD25*CD14-and >65% 

homogetKJUsly CD83**). 

limunization Scheduk 

A total <rf five vaccinations (three into the skin followed ty 
nvo intiavenously) with antigen-pulsed DCs were given at 14-d 
inten«ls rrable n). This design was chosen to explore the tadc- 
ity and effl«cy of various routes in this WaL For vajxlnatto^^ 
3 X Iff DCs were given subcutaneously at two sites (1.5 X 10» 
DCs m 500 lU PBS per site) and 3 X 10« imndernially at 10 sites 
OX IQS DCs in 100 »U PBS per site). The injection site* were 

U* ventromedial regions of the ««« ««1 

to the regional lymph nodes ««lw«^ ""'l tS^l^^iS 
where draining lymph nodes had been remove anchor Ure<Uated 

were excluded. For Intnivenous vacdnatlons 4 and 5. a touU of e 
and 12 X 10« antigen-pulsed DCs (resuspended In 25 or. 50 nd 
PBS plus 1% autologous plasma) was administered ow 5 and 10 
min tespeetKely. Premedication with an andpyredc (5(» mg acet- 
a™i;«phen/paiBcetaniol p.a) and an antWstamtoe (2.68 mg Oe- 
^^^^i^r^^M^ l.v.) wasgh^n 30 mm before Intravenous 
DCVaodnatlDn. 

Evaluation of Inmuae Status 

RecaU /MgeaspeclEc MIftratlon and CytMne Pf«*'^. 
PBMCs were cultured In tri{di»le at two dose leveb (3 X W 
and 1 X 10»PBMCs/wdl) plus or minus TT or tuberculin (at 
0 1 1 and 10 Hg/mO and pulsed on d^ 5 wl* PHlthymkilne 
for'l2 h. In an cases, the highest epms were obtained v*h the 
highest doses of PBMCs and «.tlgen and ue {« ^Jf J; 

IL-4 and IFN-7 levels were measured In culture media by EUiA 
(Endogen. Inc.). In a separate plate, staphjrtococcal enterotoxln 
6EA^&rva) was added at 0.5. 1. and 5 ng/ml, and proliferation 
was i^sessed after 3 d to provide a positive control far helper T 
cdl viability and responsivraiess. _ o_j 

EiizynJ^inM bnn«m»vat Assay br 
Antltm^spedBc T Cells. To quantltate antlgen-^)ecinc. mi-i- 
SSjKe-3Al;^ effector T '^^^^^^J^!^ 
,„„„uno,pot (ELISPOp assay was used 

(105 and 5 X lO^/welfl or In some cases CDS* or CD4 T cells 
(isolated by MACS™ acconling to the manufacturer. MUtenyl 
Bioiec) were added In triplicate to nttroceUulose-bot«omed 96-wen 
fMAHA S4510: Mlllft»re Corp.) precoated with the pri- 
nSb (SiK: Mabtech) In 50 ^ EUSPOT 



medium (RPMI 1640 and 5% heat-inacUvated human s»uhi) per 
weU For the detection of Mage-3Al-reacave T cells, the APCs 
were Irradiated T2AI celb (provided by P. van der Bmggen, 
Ludwig InsUtute of Cancer Research. Bnisseb. Belgium) puked 
with MHC dass I-^estrlcted peptides aviage-3Al peptide and the 
HIV-1 pl7-<lerlved negative corttrol p^tlde GSEELRSLY) added 
at 7.5 X 10*/>veU (final voUune 100 pi/wclfl. After incubation 
for 20 h. wells were washed sbc times, incubated with biotiny- 
kted second mAb to IFN-7 (7-B6-1: Mabtech) for 2 h. washed, 
and stained with Vectastain EUte kit (Vector Ul»,). For detec- 
tion of TT-ieacUve T ceDs. TT was added at 10 jtg/ml directly to 
the PBMa (1 or 5 X 10* PBMCs/flat-bottomed 96-weU plate). 
Assays were performed on fresh PBMCs. Spots were evaluated 
and counted using a ^)eclal cwnputer-asslsted vkieo Imaglf^ 
sis system (Cari Zeiss Vision) as described (16). 

SemiquanUtative Assessment of CTLPitcunors. The mulUple 
microcuhure method developed by Roticto ^ (17) was used 
to obtain a semiquantitative assessment oi CTLp (precursors) spe- 
cific for Mage-3Al peptide. AUquots of frtwen PMBCs were 
thawed and assayed together. CDS* T cells were iwlated with 
nagnedc iHloDb^ (MACS^ separaticHi columns; Mlkeriyl Bio- 
te<^ and seeded at 10^/weU in 96-weU round-bottomed plates in 
RPMI 1640 with 10% heat-inactivated human serum. The CDS " 
PBMCs were pulsed with peptide Mage-3A1 or the influema 
PBl control peptide VSDGGPNLY (10 jig/mi; 30 min at room 
temperature), irradiated (30 Gy from a cesium soiapc^, ai«l added 
as mAPC population at lO^/weU together wttfi IL-2 (10 lU/ml 
final) and IL-7 (10 ng/ml final) in a total volume irf'ZOO jii/weO. 
On day 7 100 ^1 fresh medium was substituted, arid peptide 
Mage-3Al or PBl (1 ng/ml final) and IL-2 (10 U/mO was 
added. On day 12. each mlcrow^ vvas divided into three equal 
samples to test cytolytic activity in a 

assay on peptide-puhed (10 ^tg/xnl for 1 h at 37X3 T2A1 cells, 
nonpulscd T2A1 ceDs. and K562 target ceDs. req)ecttv^. AU of 
the assays were performed with an 80-fold excess of npnlabeled 
K562 to blodt NK activity. Microwells vrere K»red positive if 
lysis of T2A1 targ^ vsrlth peptide minus lysU wtthwrt peptide 
was 2:12% and this specific lysis was greater than or equal to 
twice the lysis of T2A1 taiBets ^^^J^ 

scribed (18). We aimed at testing 30 microwells of 10* GD8* T 
cells Therefore, 1/30 positive wells equals at least one CTLp in 
3 X 10* (Le,. 30 weUsat 10*CTl4> pw well) CDS* T cells (cor- 
rea)ondlngto'-3 X 10* PBMCs). 

DTH DTH to Mage-3A1 peptide was assessed by Intra- 
dermal i^»Jection at two sites of each 3 X 10* Mage-3A1 peptide- 
loaded DC In 0.1 ml PBS. Native controU were nonpulsed 
autologous DCs in 0.1 ml PBS and 0.1 ml PBS. DTH to seven 
common recaU antigens O^^ukttest Merteu;^ ^ 
tuberculin was perfonned on visits 1, 5. and S (Table U). 

Assessment aiHi Analysis i^Tunwr'nssue 

For recruitment Into the study. Mage-3 gene expresslcm Uii at 
least one metastatic deposit had to be demonstrated by RT-PCR 
as described (14). Accessible superficial skin metastases were re* 
moved vrtiencver posslUe after the vaccinations and $ub|ected to 
Mager3 RT-PCR as well as routine histology and Immunohls- 
totogy (to diaracterlze ccUular InfUtratcs). 

Statistical Analy^ 

For analyrisof the Inrunune response, pre- and postimmunlza- 
tion values were compared by paired f test after k>gartthmk: trans- 
fonnation of the data, Signlfteance was set at P < 0.05. 
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Results 

Patient Characteristics 

AU 13 patients were HLA-A1+, had proven Mage-3 
mRNA expression In at least one excised metastasis, and 
suffered from advanced stage IV melanoma, i.e.. distant 
metastases that were progressive despite chemodiefapy and. 
m some cases, chemolnnmunotherapy (Table I). We offered 
DCs to all patients who fulfilled the inclusion and exclusion 
criteria, Le.. we did not select for subsets of patients. Two 
patients {numbers 01 and 03) succumbed to melanoma af- 
ter two and three vaccinations, respectively. 11 patierus re- 
ceived aD five planned DC vaccinations In 14-d intervals 
(Table n) and were thus fully evaluable. 

QiiBiitydtheVardne 

AU vaccine preparations were highly enriched In mature 
DCs More than 95% of the cells were large and veiled in 



appearance, expressed a characteristic phenotype by flow 
QtWtiy (HLA-DR+^*CD86+^-^^^ 

and acted as strong stimulators of an MLR at DC/T cell ra- 
tios of :Sl:300 (13). Most {mean 80%) «q>ressed the CD83 
mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days 
{13). The DCs were pulsed with Mage-3A1 peptide as a tu- 
mor antigen and TT or tuberculin as a recall antigen. The 
latter were internal controls for Immunization and possibly 
provided help for CTL responses (20). 

Toxkity 

No major (alxive grade II) toxicity or severe ^de effects 
were observed in' any patient, Including the two patients 
who were not fully evaluable. We traticed. however, local 
reactions (erythema. Induration, pruritus) at the intracuta- 
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X. pf«peclfled in *e protocol » obUgrtwy: X. opaonaL 



neouj vacdnaUon sites that Increased wtth the number of 
vacdnatlow. In 9/11 patients, strong DTH reactions (In- 
duration >10 mm In diameter) were noted to DCs cany- 
infl 8 recaU antigen (Fig. 1). Elevation of bo<ty temperature 
baade I and II fever) viras observed In most (9/1 1) patients 
^ vws also related to pulsing DCs witii recaU antigen. 
The most striking example v*ras patient 02. who progres- 
sWehr developed fever (up to iCTC) upon successive vacci- 
nations but did not show a rise ta body temperature when 
TT was omitted for tiie Hnal (iffih) vacdnatioa We observed 
slight lymph node enlargement, clinically in 63% and lqr 
sonography In 83% of patientt. after the Intracutaneous DC 
injectiom. Interestingly, these were delayed, being Inappar- 
ent during the 2 d of monitoring after vaccinations but de- 
tected when patients wrere investigated again the day before 
the next vaccination CTaUe I^. 




lawauDokfgkal Respoasa 

B(XBang<^ReaJlAntigett-specincIiBmunity. PBMCs that 
had been ftozen before vaccination and 14 d after vaccina- 
tion 5 were thawed and assayed togetiicr, as specified In the 

protocol (Table II). Ir» most patients, a slgnjAcant boost of 
antiKn-spedflc immunity developed to TT (and tubercu- 
lin in patient 10) (P < 0.004; Fig. 2). Supematantt from the 
proliferative assays contained large amoui^ of ffN-if (meaii 
l!679 pg/ml. range 846-4.325) but Uttie IL-4 (IFN^/IL-4. 
317:1). In five patients, we studied the kinetics of 4ie Immune 
response to TT by IFN-y ELISPOT analysis, We fourui «i 
increase after the irtracutaneous vaccinations [f < 
but a peculiar decrease after tiie intravenous vacdnaUons (P < 
0 008- Fig. 3). Thus, comparing recall immunity before and 
after ail five vacdnaflons (Fig. 2) as pre^iedfied In die iHOtocol 
CTable U) obvtously uiKlerestimated the extent of boosting. 




Figura i. Locil «e«9tom to DCi cwytng Mi8e-3A1 papUda »*^TT 
a the Intradamd and jubcutmeoui v»eein«loii rt» to pKlant 09 (24 h 
after vaccination 2: top pand) and 02 (48 h aftar vaccination 3; »>o«tom 
paneO. Eiythema at the 10 intraderoiaJ (MO bxI 2 (ubcutaneota (ilgN 
^cdnation «lte» vrn toOtrmd hy indufatlon >10 mm in dlametfer (vrtth 
Koondaiy puipura in patiert 02). Theie local reaettoni repreaent ttong 
DTO reacttoni to DCs canyli^ TT. a» wch arong reacdora did not oc- 
cur in response to unpuhedDCa or DC* pubedwlrtiMjge-3Al peptide 
atone in DTH tests I-m (Talde 0; nacUom notshown). 
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ExpaasianofMage-aAl-specifkCTLp. AUquots of 
PBMCs, frozen before the to and after the UjW and 
vaccinations, were thawed at the same time (lable H) and 
subjected to a semiquantitative nscall ass^jjfor CTLp (refer- 
ence 17- Fig. 4). Before vaccination, GTLp Crequencies 
were lov^ or undetectable. In 8/1 1 patients, we found a jdg- 
nfficant expansion of Mage-SAl-^spedflc CTL^ as Indicated 
by the Uwease (mean, eightfold: P < 0.008) of positive 
mlcrocultures in the multiple microculture procedure em- 
rfoyed for the semiquantitative assessment of CTLp (Uh 
Imerestingly. In sU patients, the CTLp frequencies were 
maximal after the three Intracutaneous vaccinations (P < 
0.0013) but then decreased after the two additional Intraw- 
nous vaccinations In aU but one of these patients (P< 0^). 
Only in 1/1 1 patients did we observe an increase of GTLp 
to an irrelevant PBl Influenza peptide that served as a spec- 
ificity control (not shown). 



EUSPOT Analysis for IFN-r-rekasii^, Mage-3A J -specific 
T Cells. We also tried to detect Mage-3Al-speclfic CTL 
effectors In uncultured fresh, nonfrozen PBMCs by per- 
forming EUSPOT analyses at 14-d IntervaU on all patients. 
A significant Increase of Mage-3A1 -reactive IFN-7 spot- 
forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations, respectively, but the fre- 
quency of Mage-3Al-speciflc effectors was very high 
(XK) and 10.500/10^ CD8+ T cdls: not showr^. 

DIHTesttoA^3AIPqjtfde^fc^ TestsofDTH 
to Mage-3A1 peptide-loaded DCs yielded eiythema and/or 
induration (>5 mm dtoieter) In 7/11 patients (not showrj. 
The results were. howevCT, equivocal due to tiie frequentiy 
observed background to nonpulsed DCs (up to 10 mm in 
diameter) and the yarlabilfty from test site to test site. 

CUnkal Reqxmses 

At the end of the trial, l.e,. ^^2 wk after the fifth vaccina- 
tion CTable n). we observed temporary growth cessation of 
some indlvldual rnetastases. but more Intrlgulngly. in 6/11 
patients, complete recession of Individual metastases In 
skin, lymph nodes, lung, and Uver (Table I and Fig. 5) . 
Resolution of skin nietastases was found in three patients 
(Table I, patients 06. 07. and 08) and In two of Aem (06 
and 07). it was preceded by kxal pain. Itching, and slight 
erytiiema. The six regressing skin lerions of patients 06 and 
07 (Table I) were also excised and examined by inununo- 
histokjgy. Clusters of CD8* T cells were seen around and 
in the tumor, the latter often necrotic, suggesting an im- 
mune attack (Fig. 6). . . 

In patients 06 and 08. the metastases excised at study 
entry (four and two. respectively) proved to be Mage-3 
tnRNA+. However. aU of the samples removed at the end 
(two and sU. respective^) were Mage-3 mRNA". aigg^- 
ing immunoselection fw antigen-negative tumor cells. F^- 
markably. significant infiltration of CD8+ T ceUs was not 
found in ariy of these lesions. 



Discussion 

In deciding on tiie source of DCs for this phase I trial, 
we selected mamrc monocyte-derived DCs for tiie follow- 
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therapy _ 




FisureS. Kinetic tnafysU of immunity to recall intlgem 
«sl»esed by Tf-spedflc IFN-7 EUSPOT (SEM for aU 
roeawrements i^w <20%). Blood was d«wn ^ Table n. 
Study DeslgiO before the ftrat IX: vaccination aiKl then 
ecy 14 d just before administration of the next DC vacci- 
nation (ei., pee V»cc# 2 means immediatdyliefcfe vacci- 
nation 2, l.e., 14 d after vaccination 1), and flnaJly after 
therapy. Time points at whldi vaccinations vfm not per- 
fonned lack ban. Note the Increase after the intracutane- 
ous vacdnatlom and the decline upon the two vacdna- 
tiotiB after intravenous cmes. Patient 10, wIk> recehred 
tubeitailln-puised DCs, exhihtted no jtgnifJcant change in 
the TT-specinc IFN-7 ELISPOT as expected. 
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Figure 4. Mage-3A1 CTLp frequency tnafyib «s »- 
sesied by semlquaniitxtive recall «say. The y-axb and the 
numbers above the bars tndlcaite the percentage of positive 
^vdb found before vaccination 1, before vacdnatton 4 (14 d 
after vaccination 3). and after therapy (xouaUy 14 d after 
vaodnadon 5). 



ing reasons. Monocyte-dfflved DCs currently represent 
the most homogenous and potent DC popuJaUons wltfi 
several defining criteria and quality controb (iZ. 1^21J, 
The method for generating production of these DCs h 
very reproducible and aUows the oyopreservatlon of large 
numbers of cells at an Identical stage of development (12. 
13) Furthermore, these DCs can be produced In the ab- 
sence of potentially hazardous FCS (12. 13. 21). PCS expo- 
sure also leads to large syr^enelc T ceU responses in cul- 
tui« so their dinical use (11) might produce non^iflc 
imnlunosdmulatory effects. Unlike other investigators (9-11). 
we chose to use mature rather than immature DCs for our 
first melanoma triaL The DCs that have been used wltii ^- 
flcacy in animal experiments were prinriMily mature (3. 8). 
Mature DCs are much nK>re potent In inducing CTL and 
Thl responses in vitro (reference 22 and Jonuleit, H,. A. 
Gleseke. A. Kandemlr. L. Paragnik. J. Knop. and A.H. 
Enk. manuscript in preparation), and the DCs are reds- 
tmt to the immunosuppressive effects of IL-IO (23) that 
can fie produced by tumors (24-26). Mature DCs aho 
display an extended half-life of antigen-presenting MHC 
cla« I (26a) and class n molecules (27). FinaUy. mati^ 
DCs have a high mlgratcny activity (21) and express CCR7 
(28). a receptor for chemoklnes produced constituttvely in 



lymphoid tissues (28). Mature DCs. as used In thb cancer 
therapy trial, have recently also been shown to r^idly gen- 
erdXe broad T ceU Immunity in healthy subjects (28) . 

Mature DCs WW loaded vvdth ority cme rnelanoina p^ 
tide. Mage-3A1, to avoki unc^talnties r^^rding loading of 
DCs with muh^ peptiiks (11) of varying afBntty and 
1^. Successful loading was verified with a Mage-3Al-qie- 
dfic CTL done and ELISPOT analysis (not shown). The 
Mage-3A1 peptkle (l^ ^ selected for several reasons. It is 
essentially tumor ^)eclfic (2) and e>q>ressed in tumors other 
than melanoma (2), and the Mage-3A1 ^litppe Is likely a re- 
jection antigen (14). Moreover, the Mage-3A1 CTLp fre- 
quency b exceedingjty low in rjoncanoer patients (refererKe 
18; 0.4-3 p& VP CD8+ T ceDs) as wefl as in cancer patients, 
even after peptide vaccination (14). Thus, any induction or 
boost of Ma^3Al CD8* T ceU responses wouW indicate a 
significant supwlortly in the adjuvant capacities of DCs. 

DTH assays wltfi peptide-pulsed DCs were carried but 
as described by Nesde et al. (11) to detect Mage-3A1 im- 
muni^ (not shovsm). However, we did not detect un- 
equivocal DTH. This was due to the frequently observed 
background to nonpulsed DCs (possibly due to cytokine 
prxxiuction by DCs) and the noteworthy variability from 
test site to test site. As Mage-3Al-speafic T cells are CD8+ 




Figure 5. Regresxlon (arraw^ of a lobular (13 
nun In diameter) lung metastasis In paUem 07 that 
was then no longer detectable in serial G-mm-ihick 
computed tomc^raphy 
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Fio««fi Raising .ubcutaneow 

S^^'SI^^IS - demo^stnted by RT-PCR i^r^^^ Magmfic-tom: A. 100: B. 

250:C.ieo. 



T cdls and DTH assays typically detect primed CD4+ T 
cells, we that DlH to MHC dass I pej^ide-pulsed 

DCs may also for this rrason prove not to be a sensitive 
reliable Avay to monitor specific CD8+ T cell-mediated Im- 
munity. ^ - . 

In contrast, we found sizable expansions of Mage-3A1- 
speciflc CTL precursors in PBMCs from a majority (8/11) 
of patients (F < 0.008; Fig. 4). This U an Important proof 
of the principle of DC-based Immunizatioa and It is also 
slgrUficant from the point of view that tumws can Induce 
tolerance or aneigy. It is very promising that CTLp expan- 
sions can be Induced in for advanced and heavily pretreated 
stage IV melanoma patients. However, active Mage-3A1- 
>pecific cffecton were generaUy not observed in EUSPOT 
assays, excejrt f<M- In two patients with high frequencies 
(>5,000/10^ CD8+ T ceU^. Perha^ active CD8+ effectors 
were rapidly sequestered in the numerous metastases, as 
suggested by the biopsy studies Illustrated in Fig. 6. An al- 
ternative explanation Is that looking for effectors In periph- 
eral blood 14 d after a preceding vaccination might simply 

be too late. ^ ^ . 

Interestingly, m six patients. Clip had kicreased to their 
highest levels after the three Intracutaneous vacdnaUons 
(P < 0.0013) and then decreased (F < 0,026) with subse- 
quent intravenous immunizations (Fig. 4). The decrease in 
CTLp might be due to emigration of activated Mage-3- 
reactive CTLs Into tissues, tolerarice induction, or clonal 
exhaustion via the intravenous route. We also observed de- 
creased responses to recall antigens in the five patients that 
we studied before and after intravenous vaccination (Fig. 3). 
The effect of the intravenous route requires additional 
study, as it way be counterproductive. In contrast, our re- 
sults clearly demonstrate that the Intracutaneous route is ef- 
fective, so that the less practical Intranodal Injection propa- 
gated by otiier investigators (11) does not seem essential. It 
wlU. however, be necessary to compare subcutaneous and 
Intradermal routes to find out if one is superior. 



We found regression of Individual metastases In .6/1 1 pa- 
tients when patients were staged 14 d after the fifth vacci- 
nation (Table I). This percentage of re^nses was unex- 
pected in far advanced stage IV melanoma patients who 
were all progressive despttje standard chemcrtherapy and 
even chemolmmunotherapy. In the study Nestle ct ^ 
(11), chemotherapy was orly given to 4/16 melanoma pa- 
tients, and objective tumor resporues were observed in 
5/16, Therefore, we attribute the regresslom to DG-medi- 
ated IfKiuction of Mage-3Al-specific CTLs, This interpre- 
tation Is supported by the heavy infiltration with CDS'*" T 
cells of regressing but not nonregresslng (skin) metastases. 
The observation that all of the metastases In patients 06 and 
08 that were excised at the end of the study were Mage- 3 
mRNA" (whereas those removed at the onset were uni- 
formly positive) suggests immune escape of and selection 
for Mage-3 antigen-negative tumors. Immune escape 
might also have been responrible for the lack of turaxx re- 
spor^ in those nonresporuiers that had mounted a Mage- 
SAl-spedfic CTL response. 

After the end of the trial, surviving patients received fur- 
ther vaccinations with DCs and several tumor peptides 
(h4age-l, ^TOrinase, and Mage-3) that were no longer part 
ofthe protocol It Is encouraging that 5/11 patients are stlU 
aUve (Table H 9-17 mo after study entry, as the expected 
median survival in patients progressive after chemo(im- 
muno)thera|3y Is only 4 mo (29, 30), One of the Initial re- 
sponders (patient 06) has recently experienced a complete 
response and has now been disease free for 2 mo. It Is Inter- 
esting that Marchand et al, (14) have also observed tiiat re- 
gressions, once they have started, proceed sk>wl/ and may 
take months to ccMiipiete. 

In conclusion, tiie use of a defined DC vaccdne com- 
bined with detailed Immunomonltorlng provides proof that 
vaccination with mature DCs e3q>antis tumor-specific T 
celb in advanced melanoma patients. In addition, we have 
found some evldeiK:e for the direct interaction between 
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negative metastases. We are convinced that IX^-rr^^ ^^^t at SlS of tJe T cefl. e.g..^provlding^^^ 
J,.„^aon ^ '-ISf ™ XS^S o^^^Cm A ceU help (33^4^ IL-2 (35): and 
r^^^T:f1fD^:Tt^^A bytreatingpatientseanierintheirdiseasecoune. 
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